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INTRODUCTION 

TO    FIRST   EDITION 

About  thirty  years  ago  practice  in  the 
making  of  linseed  oil,  varnishes,  japans, 
and  colors  first  brought  the  writer  into 
daily  contact  with  questions  regarding  the 
manipulation  of  paint,  its  properties,  and 
the  results  of  the  various  operations  to 
which  it  was  subjected.  Painters,  engi- 
neers, architects,  builders,  and  constructors 
have  since  been  continuously  asking 
questions  whose  answers  involved  thought 
and  experiment. 

At  one  time  paint-making  was  an  art, 
then  it  became  a  trick,  now  it  is  a  science. 
This  little  handbook  is  written  by  a  paint- 
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4  INTRODUCTION 

maker,  and  is  the  direct  result  of  study  re- 
cently given  to  the  manufacture  and  prop- 
erties of  structural  steel  and  the  use  of 
paint  in  its  preservation.  It  is  published 
in  the  hope  that  some  of  the  mysteries 
heretofore  associated  with  the  paint  busi- 
ness may  be  cleared  up, 

DAYTON,  O.,  1899. 


INTRODUCTION 

TO   FIFTH   EDITION 

During  the  ten  years  that  have  passed 
since  the  first  edition  of  this  book,  the 
author  has  continued  his  observations,  ex- 
periments, and  tests  on  a  more  elaborate 
scale  than  ever  before  and  with  careful 
attention  to  every  point  needing  con- 
sideration. 

In  these  experiments  he  has  been  assisted 
by  his  colleagues,  Mr.  John  R.  Dempsey 
(painter)  and  Mr.  Donald  A.  Kohr  (chemist 
and  paint-maker),  to  whom  he  hereby  makes 
grateful  acknowledgment. 

In  this  edition  of  the  book  many  changes 
have  been  made,  due  largely  to  the  increas- 
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ing  knowledge  of  the  problems  presented. 
Some  of  these  have  been  made  at  the  sug- 
gestion and  with  the  counsel  of  Prof.  L.  H. 
McFadden,  formerly  Professor  of  Chemis- 
try and  Physics  in  Otterbein  University, 
who  has  also  prepared  most  of  the  section 
on  "  Rust " — a  subject  to  which  much  at- 
tention has  recently  been  given. 

Increasing  knowledge  and  experience  have 
served  to  strengthen  the  author's  faith  in 
the  hypothesis  under  which  he  has  been 
working. 

DAYTON,  O.,  Sept.  i,  1909. 
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HYPOTHESIS 

44  The  earth  hath  bubbles,  as  the  water  has,  and  these 
are  of  them."  — Shakspere. 

"  Substantial  progress  in  any  science  is 
impossible  in  the  absence  of  a  working 
hypothesis,  which  is  universal  in  its  appli- 
cation to  the  phenomena  pertaining  to  the 
subject  matter." 

Paint-making  has  been  rescued  from  the 
domain  of  empiricism  and  has  become  an 
exact  science.  One  skilled  in  it  can  now 
practise  it  with  a  certainty  of  results,  in  an 
exact  proportion  to  his  knowledge  of  its 
principles,  and  to  his  ability  in  applying 
them  to  work  in  hand. 

The  theory  that  oil,  or  the  binder,  is  the 
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IO  HYPOTHESIS 

life  of  paint,  that  is,  the  thing  that  makes  it 
wear,  is  misleading,  and  has  been  the  cause 
of  most  of  the  blunders  and  failures  with  it 
in  the  past.  An  excess  of  linseed  oil  in 
paint  is  as  much  an  adulteration  of  paint  as 
the  introduction  of  useless  or  harmful  pig- 
ment. We  work  upon  the  hypothesis  that 
the  solids  are  coefficient  with  the  liquids  in 
producing  the  best  materials,  and  that  the 
secret,  if  there  be  any,  lies  in  the  proper 
adjustment  or  determination  of  the  amount 
and  kind  of  each  needed  to  secure  a  perfect 
product.  No  amount  of  theoretical  and 
empirical  knowledge  can  determine  ques- 
tions of  this  kind.  There  are  to-day  many 
signs,  however,  that  in  the  struggle  for 
victory  men  are  accepting  the  logical  con- 
clusion from  classified  facts,  their  mutual 
relations  and  sequences,  that  properly  pre- 
pared paint  is  bound  to  win  out,  because  it 
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is  based  upon  "sound  idealism."  The 
"  crude  materialism  "  of  the  advocates  and 
exploiters  of  this,  that,  and  the  other  "  pure" 
pigment  or  binder,  is  but  a  relic  of  past  ig- 
norance, or  worse,  and  is  doomed  to  lose  its 
force  and  to  find  its  proper  place. 
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PAINT  AND    PAINTING 

"  Blind  fear  that  seeing  reason  leads,  finds  safer  footing 
than  blind  reason  stumbling  without  fear." 

— Shakspere. 

PAINT 

"  Give  it  to  me  to  use  !     I  mix  it  with  two  in  my  thought. " 

— Browning, 

Paint  is  pigment  plus  binder,  plus  paint- 
maker.  Paints  for  steel  may  be  divided 
into  three  general  classes,  namely,  Oil 
Paints,  Varnish  or  Resin  Paints,  and  Tar 
Paints. 

We  are  now  treating  of  Oil  Paints,  that 
is,  pigment  mixed  and  mulled  with  oil,  and 

especially  designed  to  preserve,  to  protect, 
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and  to  better  the  appearance  of  surfaces  to 
which  they  are  applied. 

In  Oil  Paints  of  value  the  end  aimed  at 
is  a  close  union  of  solids  or  pigment  and 
liquids  or  binder,  that  is,  we  take  inorganic 
solid  matter  in  a  finely  divided  state  and 
mix  with  it  organic  liquid  matter,  and  then 
try  to  link  them  together  either  mechan- 
ically or  chemically.  Ordinary  mechanical 
mixtures  in  which  the  solids  and  liquids 
have  little  or  no  affinity  for  each  other,  or 
in  which  the  powders  are  feebly  suspended 
in  the  liquid,  scarcely  deserve  the  name  of 
paint. 

The  essentials  of  a  preservative  and  pro- 
tective covering  for  structural  steel  may  be 
stated  as  follows : 

I.  MECHANICAL  PROPERTIES.  That  it 
must  work  properly,  that  is,  offer  but  a 
slight  resistance  to  the  stroke  of  the  brush, 
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and  be  of  such  fluid  nature  as  to  flow  to- 
gether after  the  brush  so  that  the  resulting 
covering,  or  skin,  is  one  of  even  thickness. 

II.  CHEMICAL  PROPERTIES.    That  it  must 
not  only  dry,  or  oxidize,  fast  enough,  but 
dry  simultaneously  throughout ;  not  harden 
on  the  surface  and  remain  soft  underneath, 
or  in  painters'  parlance,  "skin  over/' 

III.  PHYSICAL  PROPERTIES. 

(1)  Hardness.     That  it  must  be  of  such 
nature  that  when  it  has  formed  a  skin 
upon  the  surface  of  the  metal  it  can 
take  other  coats  of  paint  without  soft- 
ening under  them.      And   further, 
that  the  skin  formed  must  be  hard 
enough  to  wash  clean  by  rain-fall. 

(2)  Indestructibility.      That    it    must 
wear  well,  provided  a  sufficient  num- 
ber of  coatings  of  it  is  applied. 

(3)  Impenetrability.     That  it  must  ex- 
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elude  moisture  and  gases  from  the 
metal  covered  with  it,  that  is,  prevent 
its  corrosion. 

How  best  to  secure  these  essential  fea- 
tures, is  a  problem  which  has  puzzled  the 
heads  and  vexed  the  hearts  of  painters, 
chemists,  and  engineers  for  years,  and  it 
will  probably  continue  to  do  so  for  years  to 
come  or  until  some  means  are  devised  under 
which  it  will  be  possible  to  determine  quick- 
ly what  coatings  satisfy  the  requirements  of 
service  and  use.  As  manufacturers  of  both 
oil  and  varnish  paints,  our  faith  is,  at  the 
present  writing,  established  in  oil  paints, 
because  years  of  study,  observation,  and  ex- 
perience have  demonstrated  their  superior- 
ity for  steel,  if  well  made,  to  coatings  of  any 
other  kind. 

Varnish  paints  are  more  sensitive  to 
changes  of  temperature  than  oil  paints  and 


PAINT   AND    PAINTING  17 

less  apt  to  adhere  well  to  damp  surfaces. 
Given  ideal  painting  conditions,  varnish 
paints  undoubtedly  can  be  made  that  will 
out-wear  on  steel  the  best  oil  paints,  but 
these  conditions  are  not  readily  attained. 

From  "sense  impressions,"  gained  by 
study  of  the  phenomena  pertaining  to  paint, 
both  wet  and  dry,  our  present  conception  is 
that  pigment  is  the  objective  element  and 
liquid  the  subjective  element  in  it.  The 
pigment  is  the  male  principle;  liquid,  the 
female.  In  order  to  give  expression  to  our 
thoughts  upon  this  question,  it  appears 
necessary  to  consider  the  nature  of  linseed 
oil.  Many  books  have  been  written  upon 
this  subject  and  there  is  yet  much  to  learn. 
Nature  did  not  design  linseed  oil  for  paint- 
ers' use,  but  for  sustaining  the  life  of  the 
flax  plant.  Linseed  oil,  even  if  of  good 
quality,  is  not  sacred,  but,  after  centuries 
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of  use,  it  still  holds  its  own  as  the  best  oil 
for  painters'  use  where  durability  and  drying 
are  the  main  considerations. 

Linseed  oil  in  drying  changes  from  a 
liquid,  first  into  a  sort  of  jelly  of  a  colloidal 
nature,  with  a  tendency  to  catch  and  retain 
air  bubbles,  and  then  to  a  solid  rubber-like 
substance,  which  not  only  holds  itself  to- 
gether, but  also  clings  to  any  dry  substance 
upon  which  it  is  formed.  Linseed  oil  in  dry- 
ing takes  something  from  the  air,  namely, 
oxygen,  and  gives  off  something  to  the  air, 
namely,  carbon-dioxide  and  water.  Mulder 
beautifully  describes  the  process  and  calls  it 
"  the  breathing  of  the  drying  oils."  In  his 
book,  "  Die  Chemie  der  austrocknenden 
Oele"  he  named  the  solid,  rubber-like  sub- 
stance into  which  a  layer  of  linseed  oil 
finally  hardens,  "linoxyn."  Linoxyn  is  a 
solid,  not  a  liquid.  It  is  insoluble  in  many 
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liquids  and  is  far  less  soluble  in  any  solvent 
than  linseed  oil.  We  have  had  specimens 
of  it  for  months  in  dilute  acid  and  weak 
alkaline  solutions ;  also  in  spirits  of  turpen- 
tine, petroleum,  naphtha,  linseed  oil,  alco- 
hol, chloroform,  acetone,  carbon-bisulphide, 
and  water,  and  in  most  of  these  liquids  we 
find  but  slight  decomposition  or  solution  of 
it.  These  experiments  indicate  its  power 
of  resistance  to  atmospheric  influences. 

A  layer  of  dried  linseed  oil  (linoxyn)  is 
not  waterproof,  although  no  compound  is 
probably  chemically  more  resistant  to  atmos- 
pheric influences  (not  mechanical  wear). 
For  example,  it  is  claimed  that  a  gallon  of 
oil  spread  upon  one  hundred  square  feet  of 
surface  will  outwear  a  gallon  of  any  paint 
spread  upon  the  same  area  of  a  similar  sur- 
face ;  but  it  may  be  noted  that  it  will  require 
about  three  times  as  many  coatings  of  the 
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oil  to  use  up  the  gallon  as  it  will  of  the  paint 
to  use  it  up.  From  this  we  conclude  that 
a  layer  of  the  paint  is  about  three  times  as 
thick  as  a  layer  of  the  oil.  Experiments  of 
this  kind  demonstrate  that  one  of  the  func- 
tions of  pigment  is  to  increase  the  thickness 
of  the  layer  of  dried  paint,  and  that  this  in- 
crease of  thickness  is  in  direct  proportion 
to  the  volume  or  fineness  of  the  pigment. 
They  also  determine  that,  given  the  same 
volume  of  oil  and  the  same  weight  of  pig- 
ment, the  greater  the  volume  of  the  latter— 
that  is,  the  finer  the  division  of  its  particles — 
the  more  slowly  will  the  paint  dry  and  the 
longer  will  it  wear. 

Pigments  in  general  use  for  structural  oil 
paints,  as  related  to  their  mutual  action  with 
the  steel  which  they  cover,  may  be  classi- 
fied as  (i)  stimulators  of  rusting,  or  pig- 
ments whose  moist  cbntact  with  steel  pro- 
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duces  greater  corrosion  than  moisture 
alone;  (2)  inhibitors,  or  pigments  whose 
moist  contact  with  steel  produces  less  cor- 
rosion than  does  pure  water  alone,  and  (3) 
indeterminates,  or  pigments  whose  moist 
contact  with  steel  produces  neither  increase 
nor  diminution  of  rusting. 

Not  enough  preliminary  experimental 
work  has  been  completed  yet  to  classify 
confidently  many  of  the  pigments,  but  the 
reports  available  indicate  very  strongly  that 
precipitated  barium  sulphate  (Blanc  fixe), 
second  grades  of  barytes,  some  ochres,  some 
red  oxides,  lampblack,  graphite,  in  fact,  all 
the  carbons  except  willow  charcoal,  are 
stimulators  of  rusting.  In  the  case  of  some 
pigments  stimulation  of  corrosion  is  due  to 
the  acid  quality  of  soluble  constituents.  In 
the  case  of  other  pigments,  such  as  carbons, 
the  unlike  chemical  action  of  moisture  on 
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the  particles  of  pigment  and  adjacent  par- 
ticles of  the  steel  surface  may  cause  a  dif- 
ference of  electrical  potential,  and  thus  es- 
tablish electrolytic  corrosion. 

In  the  inhibitive  class  are  willow  charcoal 
(on  account  of  alkaline  ash),  one  grade  of 
Prussian  blue,  zinc  oxide  and  notably  zinc 
chromate,  and  barium  and  calcium  chro- 
mate. 

Pigments  fit  for  use  in  structural  oil 
paints  are  of  two  general  classes,  as  they 
relate  to  the  oil,  viz.,  those  which  react  more 
or  less  with  it,  notably  the  carbonates  and 
all  of  the  lead  pigments;  and  those  that 
have  no  chemical  action  on  the  oil  or 
binder,  called  inerts,  such  as  the  carbons, 
silicates,  probably  ferric  oxides,  etc.  The 
former  class  produces  the  quicker  drying 
and  the  less  durable  paints;  the  latter,  the 
slower  drying  and  the  more  durable  coat- 
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ings;  e.g.,  a  paint  made  from  white  lead 
and  linseed  oil  when  properly  applied  to  a 
sound  surface  cannot  be  expected  to  pro- 
tect it,  under  fair  conditions,  more  than 
five  or  six  years,  whereas  a  paint  made 
from  a  good  natural  iron  oxide  and  the 
same  oil,  applied  to  a  like  surface  under 
similar  conditions,  will  protect  it  easily 
twice  as  long.  The  observer  will  note  this 
if  he  will  recall  his  observations  of  the  dur- 
ability of  paint  made  from  ordinary  mineral 
colors  on  barns  or  freight  cars,  as  com- 
pared with  the  more  delicate  tints  used  on 
houses  and  more  elaborate  structures. 

Another  feature  of  interest  pertaining  to 
inert  pigments  is,  that  where  the  same 
liquids  are  used  with  them  for  the  paint  for 
each  coating  applied,  the  observer  finds  that 
the  dried  paint  seldom  cracks,  peels,  or  blis- 
ters, and  if  it  does  the  inference  should  be 
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that  his  paint  contained  an  inadequate 
amount  of  pigment.  Given  a  perfect  binder, 
the  paint  problem  would  be  simple  and 
the  only  function  of  pigment  would  be  to 
color  and  obscure  the  surface ;  then  the  hy- 
pothesis under  which  we  are  working  would 
fall.  Until,  however,  a  binder  is  obtained 
that  will  dry  fast  enough,  that  when  dry  is 
impervious  to  moisture  and  gases,  and  that 
will  not  wear  out,  pigment  will  be  necessary 
to  shield  and  to  protect  the  dried  oil  from 
the  agencies  that  destroy  it,  the  chief  of 
which  are  rainwater  and  sunshine. 

A  pigment  that  will  not  hold  the  oil  pro- 
duces a  fugitive  paint.  Any  pigment  that 
will  take  and  retain  oil  or  binding  material, 
and  that  is  not  changed  by  the  agencies 
that  destroy  dried  oil,  or  the  binder,  will 
make  a  durable  paint  for  structural  steel 
provided  it  is  fairly  treated  and  properly 


PAINT   AND    PAINTING  25 

applied  to  a  surface  in  fit  condition  to  re- 
ceive paint. 

The  decay  of  paint  is  due  to  chemical 
change,  and  nearly  all  chemical  reactions 
are  accelerated  by  water  and  heat.  It  is 
therefore  necessary  in  designing  protective 
coverings  that  materials  be  used  which  are 
repellent  of  moisture  and  as  slightly  affected 
by  heat  as  possible. 

To  understand  the  pigment  question  one 
needs  some  knowledge  of  forces  which  are 
insensible  at  sensible  distances,  viz.,  molec- 
ular forces,  such  as  surface  tension  and 
chemical  affinity.  All  phenomena  taking 
place  in  paint  are  due  either  to  physical  ac- 
tion (heat,  light,  electricity)  or  to  chemical 
action,  that  is,  the  tendency  of  different 
kinds  of  matter  by  interaction  to  produce 
new  substances. 

Andes  in  his  work  on    Anti-Corrosive 
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Paints,  in  discussing  the  number  of  coats 
of  oil  paint  that  must  be  applied  to  iron  in 
order  to  secure  efficient  protection  against 
rusting,  says  that  in  establishing  a  standard, 
preference  must  undoubtedly  be  accorded 
to  paints  requiring  a  large  proportion  of  oil 
to  make  them  work  properly.  He  says: 
"  It  may  be  laid  down  as  a  normal  standard, 
that  presupposing  the  use  of  good  paint, 
one  bottoming  coat  and  three  subsequent 
coatings,  laid  on  at  suitable  intervals,  will 
be  required  to  produce  a  layer  of  sufficient 
thickness  on  iron  to  keep  moisture  away 
from  the  metal  and  to  protect  the  latter 
from  rust  for  a  certain  time."  The  first,  or 
prime  coat  upon  a  surface  of  steel,  in  a  fit 
condition  to  receive  paint,  is  of  the  greatest 
importance,  especially  as  to  its  drying, 
hardening,  adhesiveness,  and  impermeabil- 
ity to  water.  f 
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We  work  upon  the  theory  that  the  paint 
used  for  priming  naked  steel  should  be  of 
a  preservative  nature,  i.e.,  of  such  a  nature 
that  it  will  not  only  possess  the  power  to 
inhibit  the  corrosion  of  the  metal  but  also 
the  power  absolutely  to  exclude  air  and 
water  from  the  metal,  and  that  the  finishing 
or  top  coats  should  be  of  a  protective  nature, 
that  is,  of  such  nature  that  they  will  protect 
the  primer  or  bottoming  paint  from  the 
action  of  rainfall,  sunshine,  and  other  ex- 
ternal deteriorating  conditions.  As  the 
first  or  prime  coat  must  form  a  receptive 
foundation  that  will  be  able  to  hold  all  sub- 
sequent or  protective  coatings  both  on  and 
up,  it  should  be  largely  formed  of  basic 
materials,  so  composed  as  to  secure  on  the 
surface  of  the  metal  a  firm  and  unyielding 
coating  of  an  elastic,  durable,  cohesive,  and 
adhesive  cement ;  it  is  probably  necessary 
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that  this  cement  be  made  from  a  pigment 
that  secures  chemical  action  between  itself 
and  the  liquid  with  which  it  is  mixed,  for 
it  is  only  through  the  use  of  such  a  pigment 
that  we  can  secure  a  skin,  or  covering,  upon 
unheated  metal  that  will  'be  impervious  to 
air  and  water. 

Theoretically,  red  lead  in  competent 
hands  is  the  best  pigment  to  use  with  lin- 
seed oil  for  making  a  primer  for  naked 
steel.  It  forms  a  rapid-drying,  firm,  unyield- 
ing, impervious,  non-corrosive,  somewhat 
inhibitive,  and  receptive  covering  upon  the 
metal,  its  only  defect  being  that  it  will  un- 
dergo chemical  change  when  exposed  to 
ordinary  atmospheric  conditions;  therefore 
the  necessity  at  all  times  of  protecting  the 
red  lead  with  outer  coatings  of  paint  made 
from  linseed  oil  and  pigments  that  have  no 
chemical  action  upon  it,  such  as  the  car- 
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bons,  ferric  oxides,  etc. ;  that  is,  paint  made 
from  inert  pigments.  Red-lead  paint  forms 
the  best  foundation.  No  one  builds  a  stone 
house  upon  a  wood  foundation,  but  may 
build  a  wooden  house  upon  a  stone  founda- 
tion. 

Unfortunately,  or  otherwise,  the  cost  of 
red  lead,  its  great  specific  gravity,  or  weight, 
the  great  fatigue  attendant  upon  its  proper 
application,  the  improbability  of  getting  an 
even  coating  on  the  surface,  its  tendency  to 
fatten  or  set,  the  trouble  of  mixing  the  dry 
pigment  with  the  oil,  its  rapid  settling  when 
so  mixed,  and  its  poisonous  nature,  have 
prevented  its  adoption  where  its  virtues 
have  been  acknowledged.  False  ideas  of 
economy  have  too  often  been  responsible 
for  unwise  attempts  to  preserve  valuable 
structures  with  coverings  made  of  inferior 
materials,  the  only  logical  conclusion,  that 
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"  the  best  is  not  good  enough,"  being  entire- 
ly lost  sight  of. 

As  to  the  character  of  the  pigments  that 
should  be  used  with  linseed  oil  for  making 
paint  for  use  as  top  coats  over  a  red-lead 
primer,  it  is  important  that  the  pigments 
used  be  both  chemically  and  physically  in- 
ert, that  they  be  in  a  finely  divided  state, 
and  that  they  have  an  affinity  for  linseed 
oil.  Given  these  features,  whether  the 
pigment  is  lampblack,  graphite,  oxide  of 
iron,  charcoal,  silica,  mica,  aluminum,  or 
what  not,  is  a  matter  of  little  importance  so 
far  as  durability  is  concerned.  Where  three 
or  more  coats  are  to  be  applied,  and  it  is 
not  practicable  to  use  more  than  two  kinds 
of  paint,  we  recommend  for  middle  coat 
mixtures  of  topping  and  bottoming  coats. 

Paint-users  have  no  just  reason  for  con- 
demning this,  that,  or  the  other  pigment  or 
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binder,  as  tested  upon  any  given  structure, 
unless  they  know,  first,  the  history  and 
characteristics  of  the  material  used ;  second, 
the  kind  and  condition  of  the  surface  to 
which  it  was  applied ;  and,  third,  the  method 
of  application.  Many  pigments,  such  as 
some  kinds  of  red  lead,  iron  oxide,  carbon, 
and  white  lead,  may  give  good  results,  if 
fairly  treated ;  but,  if  improperly  compound- 
ed and  applied,  prove  failures.  Engineers, 
architects,  and  builders  should  demand 
paints  that  do  not  require  great  skill,  and 
which  do  not  involve  great  fatigue  in  their 
proper  application. 

A  perfect  paint  for  structural  steel  would 
be  one  in  which  the  pigment  (inorganig) 
and  binder  (organic)  formed  a  close  union 
(marriage),  so  that  there  could  be  no  sepa- 
ration of  them — no  precipitation  of  the  pig- 
ment. In  other  words,  it  would  form  and 
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secure  upon  the  surface  of  the  metal  an 
even  covering  of  an  adhesive,  cohesive, 
elastic,  harmless,  and  durable  cement,  im- 
pervious to,  and  unaffected  by  either  moist- 
ure, sunlight,  or  gases. 

DESIRABLE  FEATURES  OF  AN  ANTI-CORRO- 
SIVE METAL  COATING: 

1.  It  should  hide  the  surface. 

2.  Should  cement  itself   together,  and 

also  cement  itself  to  either  damp  or 
dry  metallic  surfaces. 

3.  Should  expand  and  contract  without 

breaking  its  own  body. 

4.  Should  present  a    hard,  yet  tough, 

outer  surface. 

5.  Should  be  impervious  to  water,  car- 

bonic acid,  or  other  gases. 

6.  Should  be    unaffected   by  sunshine, 

heat,  frost,  dew,  or  climatic  changes. 
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7.  Should  be   unaffected   by    ordinary 

mechanical  abrasion. 

8.  Should  wear  evenly. 

9.  Should  fail  by  gradual  wear,  not  by 

disintegration. 

10.  Should  leave  a  good  surface  for  re- 

painting. 

11.  Should  not  require  an  unreasonable 

amount  of  skill  or  muscle  in  appli- 
cation. 

12.  Should  be  homogeneous. 

13.  Should  dry  fast  enough. 

14.  Should  not  be  readily  ignited. 

15.  Should  have  power  to  absorb  and  re- 

move moisture  or  dampness  from 
the  metal. 

1 6.  Should    have     properties    that    will 

prevent  corrosive  action  of  traces 
of  water  in  contact  with  the 
metal. 
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MAIN   CAUSES   FOR  DETERIORATION  OF 
PAINT  : 

1.  Water.     (Dissolution.) 

2.  Action  of  light  and  heat.     (Chemical 

and  physical  change.) 

3.  Chemical    action    between    pigment 

and  binder.     (Disintegration.) 

4.  Abrasion     or     mechanical     injury. 

(Motion.) 

5.  Action  of  deleterious   gases.    (Foul 

air.) 

WHY  A  WORTHY  METAL   COATING  SOME- 
TIMES FAILS: 

1.  Because    of     improper    application. 

(Incompetent  or  careless  users.) 

2.  Because  of  insufficient  quantity  on  a 

given  surface ;  not  renewed  at  right 
time.     (Perishes  quickly.) 
i.  Because  of  an  unstable  foundation  to 


PAINT   AND    PAINTING  35 

stick  to.     (Dirt,  grease,  dampness 
or  scale  under  it.) 

4.  Because  the    under-coating   is  more 

elastic  than  that  over  it.     (Cracks.) 

5.  Because  not  protected  when  drying. 

(Wet  paint  sensitive.) 

PAINTING 

"To  be  a  painter  have  a  heart  and  colors." 

— Munkacsy. 

Painting  is  paint  plus  painter,  plus  the 
painter's  employee.  It  is  possible  to-day  to 
get  paint  uniformly  well  prepared  for  almost 
any  purpose.  A  painter  or  paint-user  of 
the  present  time  who  attempts  to  mix  and 
grind  his  own  paints  is  as  unlikely  to  suc- 
ceed as  if  he  were  to  attempt  to  make  his 
own  varnishes,  brushes,  etc.  The  coating 
of  structural  steel  with  paint  is  for  the 
special  purpose  of  preventing  air  and  water 
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from  getting  at  it,  as  a  combination  of  these 
will  destroy  steel,  and  that  quickly,  if  car- 
bonic or  some  other  acid  be  also  present. 
It  is  not  our  purpose  to  suggest  or  discuss 
methods  of  applying  coverings  to  structural 
steel  other  than  to  insist  that  a  mechanic, 
to  do  good  work,  must  have  good  tools  to 
work  with,  and  fair  conditions  under  which 
to  do  the  work  set  before  him.  Many 
worthy  paints  are  ruined  because  flowed  on 
with  a  broad,  thin,  flat  brush,  not  much 
better  than  a  common  whitewash  brush,  in- 
stead of  being  rubbed  out  and  into  the  sur- 
face well  with  a  good,  full,  round  bristle 
brush ;  and  then,  again*,  painters  are  apt,  if 
the  pigment  used  is  heavy,  or  the  parts  to 
be  covered  are  difficult  of  access,  to  add  an 
excess  of  thinners  to  save  labor  or  cost  of 
material.  A  layer  of  air  exists  on  all  sur- 
faces ;  hence  the  importance  of  rubbing  out 


PAINT    AND    PAINTING  37 

paint  thoroughly,  as  otherwise  bubbles  ot 
air  may  be  covered,  which,  coming  through 
the  paint,  render  the  coating  porous.  It  is 
known  that  the  durability  of  any  oil  paint 
depends  largely  upon  the  number  of  par- 
ticles of  pigment  upon  a  given  area  of  sur- 
face, and  that  the  more  particles  of  pigment 
the  better  the  protection  to  the  binder  and 
to  the  metal  underneath ;  the  evil  of  thin- 
ning too  much  is,  therefore,  obvious.  As 
to  the  spraying  of  paint  upon  structural 
steel  by  means  of  an  air  compressor,  it  is 
argued  that  this  method  conveys  air  and 
moisture  to  the  metal  and  corrodes  it ;  be- 
sides, its  many  other  disadvantages  have  led 
to  its  abandonment  wherever  tried.  The 
adherence  of  paint  will  be  increased  if  the 
metal  is  moderately  heated  before  it  is 
primed,  because  if  it  is  warmed  by  artificial 
heat  the  surface  will  be  dry.  "  Mill  marks," 
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even  though  made  with  inferior  paint,  gen- 
erally afford  excellent  protection  to  steel 
because  the  paint  was  applied  to  the  metal 
when  it  was  clean  and  warm. 

When  painting  is  to  be  done  in  the  field, 
or  under  conditions  that  make  it  impracti- 
cable to  warm  and  dry  the  metal  artificially, 
it  is  a  good  plan  to  apply  paint  heated  to  a 
temperature  of  about  150°  F.,  especially 
when  the  temperature  of  the  atmosphere  is 
below  55°  F.  This  warming  of  paint  may 
be  attained  by  placing  the  pails  of  paint  in 
vessels  of  hot  water.  It  is  important  that 
one  should  always  note  the  atmospheric 
conditions  when  the  work  of  painting  is  be- 
ing done.  A  temperature  of  about  70°  F. 
and  an  atmosphere  that  is  free  from  moist- 
ure favor  the  right  kind  of  drying.  The 
humidity  of  the  atmosphere  is  even  more 
important  than  its  temperature.  Nothing 
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retards  drying   more    than  dampness  and 
darkness. 

To  aid  in  the  inspection  of  new  work,  a 
shop  coating  of  linseed  oil  is  often  specified. 
This  does,  in  a  measure,  protect  the  iron 
from  rust,  but  a  very  uneven  film  of  dried 
oil  will  probably  be  secured  from  this 
method  of  treatment.  Oil  applied  to  a  ver- 
tical surface  runs  off  until  the  layer  reaches 
a  certain  thickness.  Where  the  current 
meets  with  an  obstruction  it  piles  up  into  a 
thick  and  uneven  coating.  These  thick 
parts  of  the  layer  may  require  months  to 
harden  into  a  substance  firm  enough  to  be 
fit  to  paint  over.  The  results  are  most  dis- 
astrous in  cold  weather  when  oil  thickens 
and  contracts.  As  painters  express  it,  oil, 
when  applied  to  cold  steel,  crawls,  wrinkles, 
and  crinkles.  If  linseed  oil  is  used  as  a 
primer  on  steel,  it  should  be  used  hot,  not 
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warm,  then  it  will  penetrate  the  skin  of  the 
metal  and  one  may  gain  a  thin  and  even 
film,  hard  enough  to  form  a  surface  fit  to 
receive  paint. 

Many  places,  such  as  "the  under  and 
inner  sides  of  girders,  bolt  heads  and  nuts, 
rivets,  etc.,  which  should  be  painted  with 
great  care  to  prevent  the  incursion  of  water, 
are  often  overlooked  or  neglected.  To  aid 
inspectors,  a  proper  check  upon  the  work- 
manship can  be  secured  by  selecting  differ- 
ent colors  for  the  several  coatings,  so  that 
uncoated  or  defective  places  may  be  readily 
detected." — (Andes.}  It  is  also  important 
that  connecting  parts,  that  is  to  say,  joints 
and  fittings  be  heavily  coated  with  a  lute, 
preferably  of  red  lead,  before  the  work  is 
assembled. 

A  distinguished  British  painter  and 
author  writes :  "  The  less  paint  that  is  put 
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on  at  each  operation,  consistently  with  a 
proper  covering  of  the  ground,  the  better 
will  the  ultimate  result  be."  "  Less  paint 
and  more  painting,"  he  impresses  as  a  need 
"  to  quite  90  per  cent,  of  painter  students." 
"  The  under  coats  should  dry  more  quickly 
and  be  harder  than  those  above  them,  and 
the  difference  in  drying  between  two  ad- 
joining coats  should  not  be  very  great." 

We  have  made  numbers  of  experiments 
that  give  to  us  ocular  demonstrations  of  the 
fact  that  a  first  coating  of  good  red-lead 
p^int,  covered  by  a  layer  of  good  carbon  or 
ferric  oxide  paint,  will  prevent  corrosion  for 
a  much  greater  period  than  two  coatings  of 
any  one  kind  of  paint. 

To  secure  durability  with  paint  it  should 
always  be  used  fairly  thick,  and  then  well 
rubbed  out  under  the  brush  into  thin  and 
even  layers.  If  not  well  brushed  it  will 
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lack  firm  adherence.  From  micrometer 
measurements  with  the  microscope,  we  find 
that  single  coats  of  dried  paint  vary  in 
thickness  from  -^  to  ToVo  of  an  inch,  the 
difference  being  due  either  to  the  manner 
of  application,  that  is,  whether  under  light 
or  heavy  pressure  of  the  brush,  or  to  the 
difference  in  the  consistency  of  the  paints 
tested.  Few  realize  the  thinness  of  coat- 
ings of  paint  or  the  strains  to  which  its  dried 
films  are  subjected. 

Viaducts,  tunnels,  crossing  bridges,  and 
like  structures,  require  different  treatment 
from  structures  exposed  chiefly  to  the  action 
of  rain-water  and  sunshine.  Linseed  oil, 
in  drying,  as  already  explained,  undergoes  a 
metamorphosis ;  and  the  result  of  this  proc- 
ess is  a  solid,  linoxyn.  A  film  of  this  dried 
linseed  oil,  or  linoxyn,  is  not  quickly  formed 
without  dry  air  and  light,  but  once  formed, 
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is  much  more  stable  and  better  able  to  re- 
sist the  agencies  that  destroy  paint  than  a 
thin  layer  of  undried  linseed  oil ;  in  other 
words,  wet  paint  is  much  more  sensitive 
than  dried  paint.  Therefore,  in  locations 
that  are  ill-ventilated,  that  get  no  sunshine, 
that  are  damp  and  filled  at  times  with  steam 
and  acid  gases,  one  must  have  material  of  a 
different  kind  for  coating  steel.  We  have 
found  varnish  or  resin  paints  best  adapted 
to  work  of  this  kind,  and  especially  so  where 
a  primer  coating  of  red-lead  paint,  so  com- 
posed that  it  will  dry  rapidly,  has  been 
used. 

Much  has  been  said  and  written  of  late 
regarding  the  apparent  failure  of  paints  of 
wide  reputation  when  applied  to  steel  cars. 
From  a  limited  personal  knowledge  and 
from  information  gained  from  others  who 
have  handled  thousands  of  hopper-bottom 
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gondolas  and  box  cars  with  steel  under 
frames,  we  are  led  to  conclude  that  some 
contract  shops  use  less  of  the  paint  speci- 
fied than  has  been  presumed.  What  they 
do  use  is  frequently  applied  in  the  open 
under  such  unfavorable  weather  conditions, 
and  under  conditions  of  painting  contracts 
at  such  a  low  rate  per  car,  as  to  preclude  the 
possibility  of  either  employing  competent 
workmen  to  apply  the  paint  or  such  appli- 
cation of  it  as  to  prevent  corrosion.  Good 
paint  illegitimately  thinned  with  cheap  oils 
or  japans  is  practically  rendered  of  little  pro- 
tective value,  and  to  apply  it  to  steel  cars 
more  or  less  covered  with  rolling-mill  scale, 
dew,  frost,  snow,  slush,  ice,  grease,  etc., 
is  waste  of  time,  thought,  and  material. 
There  is  no  reason  why  paint  applied  to 
steel  cars  should  not  wear  as  well  as  paint 
applied  to  any  other  steel  structures,  pro- 
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vided  it  is  used  under  fair  conditions,  ap- 
plied by  competent  workmen,  and  enough 
time  for  drying  is  allowed  to  elapse  between 
coatings.  The  only  way  to  secure  better 
painting  is  to  employ  competent  and  vigi- 
lant inspection  of  the  painter's  work. 

FACTORS  THAT   AFFECT    RESULTS   IN 
PAINTING. 

1 .  Location  of  the  structure,  for  example, 
seaboard  or  inland. 

2.  Kind  and  condition  of  the  surface. 

3.  Quality  of  the  paint  and  its  tempera- 
ture. 

4.  Workmanship  of  the  painter. 

5.  Number  of  coats  applied  and  their  se- 
quence. 

6.  Time  allowed  to  elapse  between  coats. 
7    Atmospheric  conditions  when  painting 

is  done. 


STEEL 

"This  is  the  very  painting  of  your  fear." 

"  Steel  is  iron  plus  carbon  and  other  im- 
purities, plus  metallurgists."  Prof.  Henry 
M.  Howe,  in  his  recent  work,  "  Iron,  Steel, 
and  Other  Alloys,"  writes  in  part  as  follows : 

"What  are  the  iron  and  steel  of  com- 
merce and  industry?  Examined  under  the 
microscope  they  prove  to  be  composite  o'r 
granitic  substances,  intimate  mechanical 
mixtures  or  conglomerates  of  microscopic 
particles  of  certain  quite  distinct,  well-de- 
fined, simple  substances,  in  widely  varying 
proportions.  *  *  *  * 

'  The  chief  of  these  substances  are : 

"  i.  Pure  (or  nearly  pure)  metallic  iron 
46 
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called  ferrite — soft,  weak  and  very  duc- 
tile. *  *  *  * 

"  2.  A  definite  iron  carbide  called  cemen- 
tite,  which  is  harder  than  glass  and  nearly 
as  brittle.  *  *  *  * 

"  Besides  these  two  constituents  of  prime 
importance,  there  are  three  others  of 
moment: 

"i.  Graphite — unimportant  in  steel,  but 
important  in  gray  cast  iron. 

"  2.  Slag — present  in  wrought  iron. 

" 3.  Austenite — hardened  steel:  steel 
hardened  by  sudden  cooling  from  a  red  heat 
consists  essentially  of  austenite,  a  solid  solu- 
tion of  carbon  in  iron  of  varying  degrees  of 
concentration." 

Steel  is  usually  divided  into  four  general 
classes;  namely,  Converted  or  Cemented 
Steel,  Crucible  Cast  Steel,  Bessemer  (acid 
or  basic)  Cast  Steel,  and  Open-Hearth  (acid 
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or. basic)  Cast  Steel.  Our  troubles  and 
complaints  come  from  structural  (Bessemer 
and  Open-Hearth)  steel.  To  know  .some 
of  the  causes  for  them,  it  is  well  occasion- 
ally to  visit  works  where  steel  is  made, 
to  investigate  modern  methods  of  hand- 
ling and  treating  it,  and  to  talk  with  those 
whose  lives  have  made  them  familiar  with 
the  ethics  and  practice  of  steel  pro- 
ducers. 

It  is  not  easy  to-day  for  the  uninformed 
to  get  sound,  homogeneous,  inert  structural 
steel— that  is,  metal  that  is  free  from  pipes, 
seams,  water-cracks,  blow-holes,  discolora- 
tion, etc.,  or  excess  of  oxygen  or  nitrogen, 
or  that  is  of  fairly  fine,  even  grain,  elasticity, 
and  hardness;  and  when  it  may  be  had  few 
are  willing  to  pay  for  it.  It  is  probably  wise 
to  apply  a  cheap  paint  or  a  tar  preparation 
to  a  surface  of  structural  steel  that  is  cov- 
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ered  with  scale,  rust,  grease,  and  dirt,  as  it 
frequently  happens  to  be  when  taken  from 
the  works  or  from  the  field  to-day.  Coat- 
ings  of  worthy  paint  upon  such  an  un- 
stable foundation  are  bound  either  to  be 
decomposed  or  soon  forced  off  the  surface 
by  the  moisture,  scale,  or  grease  under 
them. 

Up  to  the  present  time  no  physical  or 
chemical  tests  have  been  discovered  that 
can  distinguish  between  Bessemer  and 
Open-Hearth  Steel,  or  between  acid  and 
basic,  provided  the  same  materials  have 
been  used  in  making  them.  This  fact  is 
"  so  well  known  that  some  of  the  best  and 
most  careful  engineers  in  the  country,  in- 
cluding those  who  are  most  stringent  in 
their  demands  concerning  physical  and 
chemical  qualities,  do  not  make  any  surface 
inspection,"  and  yet  flaws,  flash,  rust,  grease, 


50     PAINTS  FOR  STEEL  STRUCTURES 

and  dirt  in  the  surface  are  things  that  may 
destroy  the  work  of  the  painters.  No  sur- 
face of  structural  steel  ought  to  be  coated 
with  paint  unless  it  shows  the  grayish-white, 
natural  color  of  the  metal. 

Now,  it  may  be  noted  at  times  immedi- 
ately after  the  removal  of  the  scale  from  the 
surface  of  steel  by  means  of  a  sand-blast, 
that  the  parts  are  soon  covered  with  rust. 
In  reply  to  a  direct  question  of  the  author, 
Prof.  Henry  M.  Howe  recently  wrote: 
"  The  reason  for  this  is  that  the  sand-blast 
roughens  the  surface,  and  that  on  a  rough 
surface  of  iron,  as  we  all  know,  rust  forms 
much  more  rapidly  than  on  a  smooth  one. 
You  can  leave  a  razor  lying  in  a  drawer  for 
years  without  its  rusting  at  all,  because  it 
is  so  highly  polished,  whereas  a  piece  of 
rough,  unpolished  steel  lying  beside  it  will 
rust  very  rapidly. 
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"  There  is  no  doubt  that  the  scale  itself  is 
in  one  sense  a  preventive  against  rusting ; 
that  is,  it  adheres  pretty  closely  to  the  skin 
of  the  metal  and  mechanically  excludes  the 
air.  The  scale  itself  is  in  most  cases  unoxi- 
dizable ;  it  consists  approximately  of  mag- 
netic oxide,  which  is  extremely  stable. 
It  is  true  that  if  part  of  the  surface  be  cov- 
ered with  scale  and  the  rest  be  naked,  the 
naked  part  will  rust  more  rapidly  because 
of  the  presence  of  that  scale  on  the  neigh- 
boring parts,  the  scale  acting  'by  difference 
of  potential '  to  produce  corrosion  by  elec- 
trolytic action.  But  so  long  as  the  scale  is 
intact,  it  acts  similarly  to  paint,  excluding 
the  air."  The  writer  adds :  "  I  do  not  know 
that  I  can  fully  suggest  a  remedy— the 
only  thing  that  occurs  to  me  as  worth 
trying  is  to  modify  the  sand-blast  so  as 
to  reduce  to  a  minimum  its  roughening 
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effect,  as,  for  instance,  by  using  sand  the 
grains  of  which  are  round  instead  of  sharp 
(and  such  sand  can  be  found),  or  by  using 
fine  sand." 

"  The  durability  of  a  steel  structure  will 
depend  upon  the  quality  of  the  metal,  upon 
its  mass,  and  the  measures  taken  to  prevent 
its  deterioration ;  and  its  strength,  measured 
either  by  the  stress  it  will  bear  or  by  its  re- 
sistance to  corrosion,  is  only  the  strength 
of  its  weakest  member." 

Steel  differs  from  wood,  brick,  etc.,  in 
that  there  is  much  less  absorption  of  the 
paint  into  its  body,  so  that  the  adhesion  of 
the  first  or  foundation  coating  of  paint  upon 
steel  is  necessarily  almost  wholly  restricted 
to  its  surface,  and  the  adhesion  of  subse- 
quent coats  is  restricted  to  the  surface  of 
the  dried  paint  already  in  position.  '  The 
better  adhesion  of  paint  to  puddled  iron 
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than  to  steel  can  readily  be  accounted  for 
by  the  greater  roughness  of  the  puddled 
iron,  due  to  its  containing  a  small  quantity 
of  cinder  widely  scattered  throughout  it 
in  minute  particles,  whereas  steel  contains 
none." 

Steel  is  perhaps  the  most  tenacious  of  all 
known  substances — that  is,  tough — having 
great  cohesive  force  between  its  particles, 
so  that  they  resist  any  effort  to  pull  or  force 
them  apart ;  and  as  we  fancy  all  matter  to 
be  in  a  state  of  motion  at  all  times,  the  diffi- 
culty in  preserving  it  by  use  of  a  paint  is 
at  once  apparent.  The  defects  in  modern 
structural  steel  are  largely  due  to  its  me- 
chanical working — that  is,  it  is  run  out  too 
hot  and  too  quick,  and  afterward  not  prop- 
erly housed  and  cared  for.  "  The  enormous 
increase  of  late  in  its  use  in  building  and 
engineering  construction  in  various  forms, 
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demands  increasing  and  vigilant  attention 
to  its  maintenance  and  present  condition, 
wherever  it  has  been  placed,  as  either  from 
corrosion,  fatigue,  vibration,  or  general  de- 
terioration, the  metal  may  become  so  im- 
paired as  to  be  unfit  to  do  that  for  which  it 
was  designed." 


RUST 

"Sloth,  like   rust,  consumes  faster  than  labor  wears; 
while  the  used  key  is  always  bright." 

Rust  is  iron  plus  air  and  water,  plus 
nature.  Attention  has  been  directed  to 
the  rusting  of  iron  the  past  few  years  as 
never  before.  The  increasing  use  of  iron, 
and  especially  of  steel,  in  buildings,  bridges, 
cars,  and  fences  is  a  sufficient  reason  for 
this  greater  public  interest.  Besides,  there 
is  a  strong  suspicion  in  the  minds  of  many 
users  of  steel,  amounting  to  a  conviction 
with  some,  that  modern-made  steel  rusts 
faster  than  the  old-fashioned  product  of  the 
iron  mills. 

Rusting  was  once  so  obvious  and  simple 
a  matter  that  everybody  understood  it. 
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Now  there  is  great  doubt  whether  anybody 
really  knows  how  rust  comes  to  be.  The 
chemist  long  ago  analyzed  it  and  pro- 
nounced it  a  hydrated  oxide  of  iron.  So, 
since  the  atmosphere  contains  an  abun- 
dance of  free  oxygen  and  water,  what  more 
natural  and  reasonable  than  to  suppose 
that  these  components  of  the  air  combine 
directly  with  iron.  Growing  chemical 
knowledge,  however,  has  discredited  the 
explanation  of  simple  combination ;  iron,  in 
fact,  cannot  unite  directly  with  oxygen  ex- 
cept at  a  very  high  temperature. 

Two  or  three  theories  of  importance  have 
been  proposed  to  account  for  the  phenom- 
enon of  rusting. 

In  the  order  in  which  they  have  been 
suggested  and  defended  they  are  the  car- 
bonic-acid theory,  the  hydrogen-peroxide 
theory,  and  the  electrolytic  theory. 
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The  advocates  of  the  carbonic-acid  theory 
hold  that  carbonic  acid  attacks  iron,  con- 
verting it  into  a  ferrous  carbonate.  The 
hydrogen  thereby  released  combines  with 
oxygen  of  the  air,  or  other  sources,  which 
in  turn  decomposes  the  ferrous  carbonate 
to  ferrous  hydroxide,  or  rust,  releasing  in 
the  latter  reaction  the  same  amount  of  car- 
bonic acid  as  was  originally  present.  This 
attacks  a  new  portion  of  iron  and  forms  a 
second  particle  of  rust.  A  moderate  supply 
of  oxygen  would  render  this  process  indefi- 
nitely continuous  on  the  initial  small  supply 
of  carbonic  acid.  The  theory  is  logical, 
but  too  great  importance  seems  to  be  at- 
tached to  it  by  those  who  assume  it  to  be 
the  only  method,  or  even  principal  method 
of  rusting. 

The  claim  of  the  hydrogen-peroxide 
theory  is  that  iron,  oxygen,  and  water  react 
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to  produce  ferric  oxide  and  hydrogen  per- 
oxide. In  the  combination  of  these  three 
substances  rust  is  produced,  and  also  the 
initial  portion  of  hydrogen  peroxide  which 
attacks  a  new  particle  of  iron,  and  thus,  as 
under  the  preceding  theory,  the  process  is 
continuous,  or  cyclic. 

The  weakness  of  this  theory  lies  in  the 
impossibility  of  detecting  hydrogen  perox- 
ide during  rusting  under  experimental  con- 
ditions. It  has  few  advocates. 

The  electrolytic  theory,  which  no  doubt 
has  the  strongest  support,  is  based  upon  the 
recognized  tendency  of  metals  to  go  into 
solution,  even  in  pure  water.  The  act  is 
accompanied  by  the  release  of  hydrogen 
positively  charged  with  electricity,  leaving 
on  the  metal  a  corresponding  charge  of 
negative  electricity.  If  oxygen  is  at  hand 
to  combine  with  the  hydrogen,  the  electrical 
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tension  is  relieved  in  an  infinitely  small 
current  and  new  portions  of  the  metal  pass 
into  solution;  otherwise  the  action  is  ar- 
rested by  the  non-conducting  quality  of  the 
thin  film  of  hydrogen. 

The  presence  of  minute  particles  of  suit- 
able impurities  in  or  on  the  iron,  whose 
solution  tension  differs  from  the  iron,  or 
the  presence  of  acids  in  the  water,  facilitates 
the  discharge  of  the  electric  tension,  and 
hence,  the  continuous  removal  of  particles 
of  iron.  On  the  other  hand,  the  presence 
of  alkalies,  and  a  few  other  substances  that 
decrease  hydrogen  ion  concentration,  will 
diminish  or  even  stop  iron  solution  and 
rusting  altogether. 

This,  in  brief,  is  the  substance  of  the 
electrolytic  theory  of  rusting,  the  more  com- 
plete explanation  of  which  would  involve 
the  details  and  language  of  the  ionic  theory 
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of  chemical  action.  Corrosion  of  iron,  in 
the  sense  in  which  that  term  has  been  used 
in  this  section,  has  nothing  whatever  to  do 
with  electrolysis  by  stray  electrical  currents 
from  outside  sources.  The  currents  in- 
volved in  rusting  under  the  theory  of  elec- 
trolytic action  are  almost  infinitely  short 
and  minute,  and  originate  in  or  on  the 
metal  itself. 

The  theory  is  valuable  to  the  extent  that 
it  suggests  reasonable  and  practical  remedy 
of  the  defects  either  of  the  metal  or  its  pro- 
posed covering,  or  both.  As  in  the  treat- 
ment of  diseased  animal  and  plant  tissues, 
so  in  this  case,  intelligent  diagnosis  must 
precede  the  application  of  preventives  of 
rust.  Experimental  work  following  the 
lines  of  the  electrolytic  theory  in  seeking, 
first,  to  prevent,  or  "  inhibit "  corrosion  by  a 
priming  coat,  and,  secondly,  to  diminish  the 
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penetration  of  water  by  suitable  overcoats, 
is  promising  good  results,  and  a  final  solu- 
tion of  the  problem  is  confidently  looked 
for. 

The  tendency  of  rust  to  grow  and  spread 
out  from  a  centre  has  an  adequate  explana- 
tion in  the  electrolytic  theory.  This  phe- 
nomenon is  especially  pernicious,  as  it  re- 
sults in  pitting,  or,  under  a  paint  coat,  in  a 
growth  which  finally  flakes  off  the  paint 
and  exposes  large  areas  of  the  iron. 

Some  agencies  that  have  been  observed 
greatly  to  hasten  corrosion  are: 

1.  Alternate  exposure  to  air  and  water. 

2.  "  Constant  or  alternately   occurring 

heavy  rains  with  drying  winds,  hot 
sun,  frost,  or  snow." 

3.  "  Collection  of  soot,  dust,  or  anything 

that  will   retain  moisture  in  shel- 
tered places." 
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4.  Heating  apparatus  in  buildings  caus- 

ing damp  places  in  walls. 

5.  Salt-water  drippings  from  refrigerator 

cars. 

6.  Brackish  soil  and  sewage. 

7.  Smoke   and   heated    vapors   issuing 

from  locomotives. 

8.  Exposure  to  acid   gases,  vapors,  or 

liquids. 

9.  Electrolytic  action. 

10.  Electrolysis  by   stray  currents  from 

street  railways  and  other  electrical 
lines. 

11.  Decaying  animal  and  vegetable  mat- 

ter. 

12.  Damp,  vitiated  air   in  tunnels,  sub- 

ways, covered  and  confined  places 
of  all  kinds. 


CLEANING 

"  I  require  a  menial  to  clean  it  now  and  then." 

The  cleaning  of  structural  steel  is  a  prob- 
lem for  engineers,  and  yet  common  sense 
tells  us,  as  paint-makers,  that  heat  of  suffi- 
cient degree  to  evaporate  any  moisture  that 
may  be  in  contact  with  the  metal,  or  to 
burn  up  any  grease  that  may  rest  upon  it, 
is,  perhaps,  the  best  method  of  preparing 
the  surface  of  structural  steel  properly  to 
receive  a  covering  of  paint.  In  repainting 
old  structures,  all  dirt,  loose  scale,  and  dead 
paint  should  be  removed  with  wire  brushes, 
or  chisels  made  of  old  files,  then  all  rusty 
places  soaked  with  benzine,  and  a  hot-blast 

blow-torch  flame  applied  to  burn  out  all  the 
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benzine,  and  to  change  the  yellow  (hy- 
drated)  oxide  of  iron  to  the  red  (anhydrous) 
oxide,  which  is  inert  and  harmless.  Objec- 
tion is  made  to  this  method  of  cleaning 
steel  because  of  the  expense  of  it. 

The  sand-blast  seems  to  offer  the  most 
rapid  and  economical  means  of  preparing 
structural  steel  to  receive  a  coating  of  paint. 
It  leaves  the  metal  not  only  clean,  but  fairly 
dry — an  important  and  essential  condition 
if  a  receptive  surface  is  to  be  secured.  The 
painting  of  the  metal  should  follow  immedi- 
ately after  the  cleaning  is  done,  as  cleaned 
metal  will  corrode  under  ordinary  atmos- 
pheric conditions  much  more  rapidly  than 
uncleaned  metal.  It  is  argued  that  "  aside 
from  the  chemical  or  scientific  value  of 
sand-blasting  there  is  a  very  serious  ques- 
tion of  its  effect  upon  the  eyes  and  lungs  of 
the  operator."  It  is  further  argued  that  the 
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sand-blast  should  not  be  used  to  clean  new 
metal  because  it  will  remove  the  black  oxide, 
or  mill  scale,  which  in  itself,  like  paint,  is  a 
protection  against  rust  formation  so  long  as 
it  remains.  The  sand-blast  certainly  offers 
the  best  means  of  cleaning  old  structures 
which  are  very  rusty,  and  now  that  portable 
air  compressors  are  available,  it  is  fair  to 
presume  that  metal  coatings  will  have  better 
opportunities  in  the  future  to  prove  the  life 
that  is  in  them  than  they  have  had  in  the 
past.  For  an  interesting  paper  on  sand- 
blast cleaning  of  steel,  with  discussions  by 
prominent  engineers,  the  reader  is  referred 
to  the  "  Transactions  of  the  American 
Society  of  Civil  Engineers,"  Vol.  L.,  Paper 
No.  948. 

It  is  said  that  a  thousand  times  as  much 
iron  and  steel  is  cleaned  by  pickling  as  is 
cleaned  by  the  sand-blast ;  for  example,  all 
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work  that  is  to  be  electro-plated  and  all 
work  to  which  a  vitreous  enamel  is  to  be  ap- 
plied, such  as  granite  ware,  etc.  Why  more 
structural  steel  is  not  cleaned  in  this  way 
we  do  not  know,  but  it  is  well  to  remem- 
ber that  pickling  with  hot  dilute  sulphuric 
acid  or  with  hot  muriatic  acid  should  be 
avoided,  unless  one  is  well  prepared  to  neu- 
tralize thoroughly  and  remove  all  traces  of 
the  acid  from  the  metal  immediately  after 
it  is  taken  from  its  bath. 


LIQUIDS    AND    SOLIDS 

ELIGIBLE  FOR  USE    IN    DESIGNING  METAL 
COVERINGS 


LIQUIDS 

"  How  many  fondly  waste  the  studious  hour, 
To  seek  in  process  what  they  want  in  power; 
Till  all  in  gums  engross'd,  macgilps,  and  oils, 
The  painter  sinks  amid  the  chemist's  toils." 

— Shee. 

Linseed  Oil. — First  amongst  the  liquids 
used  for  paint-making  stands  a  worthy  qual- 
ity of  linseed  oil,  the  best  available  binder, 
because  its  great  affinity  for  oxygen  makes 
it  the  best  drying  oil  known. 

There  are  many  kinds  of  pure  linseed  oil 
made  and  sold  to-day,  and  a  guarantee  of 

an  oil's  purity  is  no  evidence  of  its  quality 
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or  commercial  value.  One  might  classify 
the  "pure"  linseed  oil  marketed  as  follows: 
praiseworthy,  fair,  and  unsatisfactory. 

A  praiseworthy  linseed  oil  is  of  a  pale 
yellow  color,  brilliant,  limpid,  drying  well, 
with  a  rich  luster,  and  having  a  pleasant, 
nutty  taste. 

A  fair  linseed  oil  is  a  yellowish  oil,  with 
a  brown  hue ;  clear,  drying  fairly ;  not  very 
pleasant  to  the  taste,  but  somewhat  bitter. 

An  unsatisfactory  linseed  oil  is  of  a  green- 
ish or  dark  color,  uncertain  taste,  cloudy, 
and  drying  poorly. 

If  all  the  liquid  matter  pressed  out  of 
flaxseed  were  painter's  oil,  and  it  were  com- 
mon to.  get  a  uniformly  fair  quality  of  it, 
substitutes  for  linseed  oil  could  not  be  sold. 
Forty  years  ago,  one  and  one-half  gallons 
of  oil  were  considered  a  fair  yield  from  a 
bushel  of  flaxseed ;  to-day,  with  steam  and 
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hot  pressure,  two  and  one-half  gallons  are 
not  enough  to  satisfy  the  sellers  of  the 
"  strictly  pure." 

The  quality  of  linseed  oil  depends  as 
much  upon  the  quality  of  the  seeds  from 
which  it  is  made,  as  upon  the  manner  in 
which  the  oil  is  expressed  from  the  seeds, 
and  upon  the  way  in  which  it  is  afterward 
stored  and  cared  for.  The  seed  of  the  flax 
plant  is  a  laboratory  in  which  we  find 
working: 

1.  Albumen    (plant   flesh),  the  growing 

principle. 

2.  Mucilage,  starch,  and  sugar    as    ele- 

ments for  nourishment  of  the  em- 
bryo flax  plant. 

3.  Oil, "  which  may  be  changed  into  sugar 

and  starch  and  used  as  plant  food." 

Space  does  not  permit  us  to  go  into  the 
effects  of  climate  and  soil  upon  the  quality 
of  the  flaxseed ;  the  ill  effects  of  frost  and 
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excess  of  rain  upon  it ;  the  good  effects  of 
age  upon  it  (old  seed  better  than  new  seed) ; 
nor  into  the  quantities  of  foreign  seeds,  like 
those  of  the  wild  mustard,  rape,  and  pigeon 
weeds,  generally  found  associated  with  those 
of  the  flax  plant.  But  to  give  an  idea  of 
the  many  kinds  of  flaxseed  used  by  crush- 
ers, we  would  refer  to  "  the  regulations  for 
the  inspection  of  flaxseed,  adopted  by  the 
Board  of  Directors  and  approved  by  the 
Board  of  Trade  of  the  city  of  Chicago, 
to  be  in  full  force  and  effect  on  and 
after  July  ist,  A.D.  1899,"  and  to  this  day 
operative. 

Boiled  Linseed  Oil. — The  author  first 
boiled  linseed  oil  in  1869.  It  was  boiled  in 
bulk  in  open  kettles,  holding  1,000  gallons 
each,  over  an  open  fire,  the  pigment  used 
as  an  oxidizing  agent  being  either  litharge 
or  red  lead.  The  heat  was  kept  on  the  oil 
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until  it  was  hot  enough  to  scorch  a  feather 
or  melt  a  piece  of  tin  (good  thermometers 
or  pyrometers  were  not  to  be  had  then  as 
now).  Such  boiled  oil  sold  then  for  six 
cents  per  gallon  over  the  price  of  raw  lin- 
seed oil,  and  it  would  be  worth  at  least  that 
difference  to-day  for  some  purposes  if  it 
could  be  had.  We  know  of  no  one  that 
sells  it,  but  we  know  of  some  old  painters 
who  have  their  own  kettles  and  cook  it. 
Boiled  oil  of  this  kind  is  rich  in  luster  and 
body  (a  kind  of  varnish). 

The  temperature  of  the  boiling  oil  and 
the  length  of  time  the  given  temperature  is 
sustained  are  important  factors  in  the  qual- 
ity of  the  product.  Oil  boiled  at  4OO°-45O° 
differs  from  that  at  575°-6oo°.  The  one 
cannot  be  substituted  indiscriminately  for 
the  other  with  assurance  of  getting  the  re- 
sults expected. 
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Commercial  boiled  oil  is  an  uncertain 
quantity.  We  know  of  no  satisfactory 
chemical  or  mechanical  tests  that  determine 
its  quality.  Experiment  and  observation 
have  taught  us  that  no  treatment  of  flax- 
seed  oil  improves  it  like  storage  and  repose 
in  tanks  under  favorable  conditions.  Under 
unfavorable  atmospheric  conditions,  raw 
oil  in  paint  may  be  made  to  dry  better 
and  more  rapidly  than  boiled  oil.  When 
blended  with  a  japan  or  siccative  of  the 
right  kind,  well-settled  raw  oil  dries  simul- 
taneously throughout.  Boiled  oil  dries  on 
the  surface  first,  and  therefore  is  more  apt 
to  crack.  A  fair  quality  of  boiled  oil  is 
preferable  to  raw  oil  made  from  unripe  or 
impure  flaxseed,  or  to  raw  oil  improperly 
treated. 

Linseed  Oil  Substitutes. — None  of  the 
standard  literature  upon  oils  recognizes  any 
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animal,  vegetable,  or  mineral  oil  as  the  equal 
of  linseed  oil  for  painter's  use.  Some  of 
them  are  valuable  as  thinners  or  extenders 
of  'it,  improving  both  its  working  and  dry- 
ing properties,  especially  if  the  linseed  used 
be  viscous.  The  base  of  the  best  substi- 
tutes for  linseed  oil  is  linseed  oil  itself. 
Various  petroleum  products  of  greater 
density  than  benzine  are  sometimes  added 
to  linseed  oil,  with  or  without  other  in- 
gredients, to  form  paint  oils.  These  are 
merely  mechanical  mixtures,  the  unworthi- 
ness  of  which  increases  as  the  percentage 
of  linseed  oil  decreases.  The  non-drying 
and  non-sticking  properties  of  petroleum 
are  so  pronounced  as  to  offset  any  virtue  it 
may  possess  in  offering  resistance  to  atmos- 
pheric influences. 

Spirits  of  Turpentine  is  miscible  with  lin- 
seed oil  in  any  proportion.     As  a  thinner, 


74     PAINTS  FOR  STEEL  STRUCTURES 

it  ranks  high ;  if  of  good  quality,  it  has  a 
refreshing  smell  and  will,  we  think,  entirely 
evaporate;  it  improves  the  working  and 
wearing  property  of  paint  under  many 
circumstances,  but  diminishes  its  lustre. 
Good  spirits  of  turpentine  is  not  difficult 
to  obtain;  when  it  has  deteriorated  by 
age  its  quality  may  be  restored  by  redis- 
tillation. 

Petroleum  Naphtha  ("  benzine  ")  is  very 
volatile  and  readily  ignited;  if  free  from 
impurities,  like  paraffine,  glue,  and  water, 
its  limited  use,  under  certain  conditions,  is 
not  objectionable  but  often  advantageous 
on  account  of  its  volatility.  It  also  permits 
of  the  formation  of  a  higher  gloss  in  the  dry 
paint  coating  than  can  be  obtained  when 
turpentine  is  used ;  and  when  old  paint  is 
to  be  covered,  benzine  in  the  coat  applied 
will  impart  to  it  better  cementing  proper- 


LIQUIDS    AND    SOLIDS  75 

ties  than  will  be  imparted  by  spirits  of  tur- 
pentine. 

However,  paints  containing  benzine  tend 
to  thicken  up  when  allowed  to  stand  open, 
due  to  evaporation  of  the  light  thinner. 
Other  drawbacks  to  its  use  are  its  inflam- 
mable nature,  and  the  fact  that  its  low  price 
may  in  many  instances  lead  to  its  excessive 
use,  in  which  case  it  is  an  injury  to  paint. 
Painters'  Japans  and  Siccatives,  or  Driers. 
—Paints  dry  by  evaporation  and  by  oxida- 
tion. The  function  of  driers  of  any  kind 
is  to  increase  the  rate ;  they  are  usually 
made  from  lead  or  manganese  oxides  cooked 
in  oil,  and  then  reduced  with  some  solvent 
like  spirits  of  turpentine  or  naphtha.  Resin 
is  frequently  added  to  harden  the  oil.  Resin 
causes  the  japan  itself  to  dry  more  rapidly, 
but  reduces  its  power  to  dry  oil  paint. 
Present  conditions  often  demand  quick-dry- 
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ing  paint ;  in  such  cases  use  the  best  japan 
you  can  get,  so  that  you  will  not  shorten 
the  life  of  your  paint.  The  quality  of  a 
japan  depends  as  much  upon  its  cooking  as 
upon  the  quality  of  the  materials  used  in 
making  it;  too  much  heat  or  too  long  a 
heat  frequently  spoils  it.  It  is  not  easy  to 
enumerate  all  the  possible  ways  in  which  a 
given  number  of  things,  like  the  ingredients 
of  a  painters'  japan,  may  be  mixed  and 
combined  together,  nor  the  changes  that 
may  result  from  an  excess  of  this  or  that 
component  part,  nor  the  degree  or  period 
of  heat  to  which  it  is  subjected.  The  only 
simple  way  that  we  can  suggest  to  test  the 
quality  of  a  japan  is  to  have  a  standard 
sample,  whose  efficiency  has  been  proven, 
for  comparison.  A  good  japan  is  a  painter's 
best  friend,  but  it  takes  some  little  time  and 
skill  to  determine  its  durability,  drying,  and 
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binding  properties.  Concentrated  driers 
are  obtained  by  heating  linseed  oil  with  ex- 
cessive weights  of  lead  and  manganese  ox- 
ides until  the  product  becomes  viscous,  like 
sticking-plaster.  Liquid  driers  are  concen- 
trated driers  thinned  out  while  hot  with 
naphtha  or  spirits  of  turpentine ;  sometimes 
rosin  or  better  resins  are  added  to  give  vis- 
cosity. The  function  of  painters'  japans, 
etc.,  should  be  to  "  hurry  up  "  the  drying  of 
the  binder,  yet  the  lower  grades  are  often 
used  as  extenders  or  cheapeners. 

Metallic  Soap. — The  principal  constitu- 
ents of  linseed  oil  (about  85  per  cent.)  are 
the  glycerides  linolein,  linolenin,  and  iso- 
linolenin.  They  are  "  esters  of  glycerine 
and  linolic,  linolenic,  and  isolinolenic 
acids"  ;  and  it  is  to  them  that  the  drying 
of  linseed  oil  is  due.  These  glycerides  are 
very  easily  saponified.  The  soaps  formed 
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from  them  with  potash,  soda,  or  ammonia 
readily  dissolve  in  water,  but  those  contain- 
ing lead,  calcium,  iron,  zinc,  or  manganese 
as  the  base  are  more  or  less  insoluble,  and 
are  usually  known  as  metallic  soaps. 

Japans  embody  the  soap  principle ;  and, 
although  the  production  of  a  lead  soap  by 
grinding  white  lead  with  oil  is  denied  by 
some  investigators,  we  believe  it  is  the  soap 
principle  in  well-made  linseed  oil  paint  that 
gives  to  it  two  of  its  most  valuable  proper- 
ties; namely,  rapid  drying  and  easy  flow. 
We  claim  that  to-day  a  satisfactory  paint, 
for  outdoor  use,  cannot  be  made  unless  it 
embodies  the  soap  principle.  The  saponi- 
fication  will  result  either  from  the  pigment 
proper  or  from  one  or  more  of  the  elements 
of  a  pigment  forced  into  the  binder  by  heat. 
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SOLIDS 

"Their  time  in  envious  search  of  colors  lose, 
Which,  when  they  find,  they  lack  the  skill  to  use." 

—Shee. 

The  solids  applied  as  paint  to  iron  may 
be  classified  as  (i)  stimulators  of  corrosion, 
(2)  preventives,  or  inhibitives  of  corrosion, 
and  (3)  inerts.  Stimulators  embrace  some 
natural  pigments  that  are  either  slightly 
soluble  themselves,  like  gypsum,  or  that 
contain  soluble  impurities.  Many  manu- 
factured pigments  also  must  be  included  on 
account  of  the  presence  of  traces,  at  least, 
of  stimulative  acids  and  salts  employed  in 
the  process  of  manufacture,  or  resulting 
therefrom.  Inhibitives  include  chromates 
of  the  alkaline  earths,  and  a  few  other  pig- 
ments not  so  certainly  determined.  Zinc 
yellow,  which  is  a  double  chromate  of  zinc 
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and  potassium,  is  a  conspicuous  member 
of  this  group. 

Inerts,  or  indeterminates,  are  pigments 
that  have  been  observed  to  exert  neither 
stimulative  nor  inhibitive  influence  suffi- 
cient to  classify  them  in  either  of  the  fore- 
going groups. 

In  view  of  the  very  brief  time  that  has 
elapsed  since  the  investigation  of  the  rela- 
tion of  pigments  to  corrosion  began  it  would 
be  unwise,  if  not  unfair,  to  make  a  classifi- 
cation of  pigments  at  all  comprehensive 
upon  the  basis  of  stimulating  and  inhibiting 
qualities.  It  appears  to  be  pretty  well  es- 
tablished, however,  by  numerous  tests  that 
some  pigments  that  have  heretofore  been 
confidently  used  on  steel  are  unsafe  for  pro- 
tective covering  of  exposed  iron  work.  As 
complete  information  as  it  is  possible  to 
secure  along  this  line  may  be  found  in  a 
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report  prepared  this  year  (1909)  by  Allerton 
S.  Cushman,  of  the  Office  of  Public  Roads, 
United  States  Department  of  Agriculture. 
The  classification  followed  in  this  section 
is  the  usual  one  of  chemical  constitution. 

CARBONS 

The  prominent  paint  pigments  of  the 
carbon  group  are  graphite  and  lamp-black, 
or  soot.  They  depend  for  their  coloring 
principle  upon  the  carbon  contained  in 
them,  and,  if  well  made,  have  no  chemical 
action  upon  the  liquid  with  which  they  are 
used.  But,  with  the  possible  exception  of 
wood  charcoal,  it  is  not  recommended  to 
use  carbon  paint  as  primers  on  steel. 

Graphite  exists  in  two  forms — amorphous 
and  crystalline,  or  fibrous.  The  crystalline 
form, 80-95  percent,  carbon,  includes  kinds 
called  globular,  granular,  foliated,  scaly, 
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flake,  etc.  Any  of  these  kinds  is  to  a  limited 
extent  eligible  for  paint-making,  but  the 
amorphous  80-90  per  cent,  carbon  is 
generally  conceded  the  best  on  account  of 
its  susceptibility  to  finer  division.  Much 
of  the  stuff  sold  as  graphite  is  but  a  carbo- 
naceous schist — that  is,  a  kind  of  coal  or 
slate.  Genuine  amorphous  or  crystalline 
graphites  do  not  make  good  paints;  they 
are  soft,  unctuous,  and  greasy,  and  serve 
better  as  lubricators,  but  if  compounded 
with  a  pigment  or  pigments  that  have  affin- 
ity for  oil,  like  red  lead,  white  lead,  zinc 
oxide,  etc.,  good  results  may  be  obtained 
from  their  use  as  an  important  component 
of  paint. 

Electric  graphite  is  now  in  use  at  times 
as  a  carbon  pigment.  It  is  made  by  heat- 
ing anthracite  coal  to  a  very  high  tempera- 
ture (as  high  as  6,000°  F.)  in  an  electric  fur- 
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nace.  A  graphite  of  uniform  and  superior 
quality  is  obtained.  It  contains  about  90 
per  cent,  of  carbcn,  and  the  remaining  10 
per  cent,  consists  of  matter  as  inert  as  the 
graphite  itself. 

Lamp-black — that  is,  soot  or  the  black 
of  smoke — represents  almost  pure  carbon 
when  prepared  with  proper  care.  The  raw 
materials  for  its  manufacture  are  numer- 
ous, including  rosin,  naphtha,  coal-tar 
products,  tallow,  or  any  oily  substance 
which  will  burn  with  a  smoky  flame,  pro- 
vided its  use  is  not  prohibited  by  consider- 
ations of  cost. 

These  materials  are  burned  according 
to  their  nature  either  in  burners  or  heated 
kettles  in  such  a  manner  as  to  produce  a 
very  smoky  flame.  This  smoke  is  then  col- 
lected in  bags  or  chambers. 

Lamp-blacks  are  not  changed  by  air  or 
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sunlight,  and  when  well  made  are  excellent 
pigments 

Gas-black  is  the  soot  from  the  partial 
combustion  of  a  hydrocarbon  gas ;  the  pig- 
ment must  be  an  impact  black,  free  from 
grit  and  dirt.  It  is  not  suitable  for  mixing 
with  white  lead  or  zinc  for  making  tints. 
The  particles  of  gas-black  are  said  to  be  in 
form  of  little  stars,  while  those  of  lamp-black 
have  that  of  filaments. 

Bone-black. — A  black  made  by  burning 
bones  in  retorts  or  furnaces  without  air, 
just  as  charcoal  is  made  from  wood.  The 
mineral  matter  of  the  bones  is,  of  course, 
all  retained  in  the  finished  product. 

OXIDES    OF   IRON 

Oxide  of  iron  pigments  are  obtained  from 
natural  and  artificial  sources;  they  vary 
largely  in  their  characteristics,  and  in  their 
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chemical  composition.  Pigments  of  this 
class  suitable  for  making  paint  may  range 
from  98  per  cent,  down  to  as  low  as  10  per 
cent,  of  ferric  oxide,  their  value  as  pigments 
depending  less  upon  the  amount  of  iron 
present  than  upon  their  physical  properties, 
and  the  composition  of  the  material  which 
is  not  oxide  of  iron. 

Roasted  iron  ores  often  yield  excellent 
pigments,  the  quality  depending  upon  the 
character  of  the  ore,  the  construction  of  the 
furnace,  the  uniformity  of  the  heat,  and  the 
care  and  attention  given  to  the  milling  and 
grinding. 

Natural  ores  or  mineral  earths  seldom 
yield  pigments  that  are  good  for  making 
metal  coatings,  for  the  reason  that  they  con- 
tain more  or  less  water,  and  are  apt  to  con- 
tain sulphur  or  other  unstable  elements,  one 
exception  to  this  being  the  rich  hematite 


86     PAINTS  FOR  STEEL  STRUCTURES 

ore  from  the  Lake  Superior  district.  It 
yields  a  heavy  pigment  of  value.  One 
reason  paint  compounded  from  it  wears  so 
well  is  because  of  its  specific  gravity.  It  is 
almost  a  pure  ferric  oxide,  and  requires  a 
small  proportion  of  oil  to  prepare  it  for 
application  in  a  paint. 

Artificial  oxides  of  iron  are  sold  under  a 
variety  of  names,  such  as  Indian,  Turkey, 
Venetian  red,  etc.  If  properly  made,  some 
are  stable  pigments.  They  are  made  under 
a  variety  of  processes,  but  usually  by  calcin- 
ing copperas.  Years  ago,  Venetian  reds 
were  burnt  ochres,  and,  therefore,  produced 
more  durable  paints  than  the  copperas  reds 
of  the  present  day,  which  latter  are  apt  to 
contain  traces  of  sulphuric  acid,  and  fre- 
quently excesses  of  land-plaster  and  pow- 
dered limestone. 
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LEAD    PIGMENTS 

Litharge  is  a  heavy  yellow  powder  fre- 
quently containing  metallic  lead  and  dirt. 
It  is  prepared  by  heating  metallic  lead  or 
the  dross  from  molten  lead  in  an  oven, 
through  which  is  passed  a  current  of  air. 

Its  value  as  a  pigment  is  restricted,  for 
unless  used  in  proper  combination  with 
other  pigments,  its  action  on  the  oil  may  be 
so  great  as  to  shorten  the  life  of  the  paint. 

Red  Lead  is  formed  by  the  continued 
heating  of  litharge  in  the  air  at  575°-75o°  F. 
Its  quality  depends  on  the  care  and  skill 
employed  in  its  manufacture;  much  of  the 
commercial  article  contains  metallic  lead, 
vitrified  particles,  and  excessive  amounts  of 
litharge. 

Red  lead  contains  more  oxygen  than  does 
litharge,  but  for  chemical  reasons  its  action 
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on  linseed  oil  should  be  much  less  than 
that  of  litharge,  when  used  with  it  in  paint. 
Experience  has  shown  this  to  be  a  fact,  and 
has  also  demonstrated  that  a  high  grade  of 
red  lead  is  a  valuable  pigment. 

Such  a  grade  of  red  lead,  when  properly 
mixed  for  use,  and  applied  to  a  smooth, 
vertical  surface,  should  neither  run,  sepa- 
rate, nor  sag.  Red  lead  should  be  used  as 
a  plaster  upon  steel,  not  as  a  paint.  We 
know  of  no  first  coating  equal  to  it,  for  it 
forms  a  tough,  adhesive,  and  unyielding 
cement,  that  not  only  dries  well,  but  does 
not  retard  the  drying  of  any  paint  spread 
over  it.  It  is  claimed  that  the  fact  that  red 
lead  sometimes  hastens  the  drying  of  any 
paint  spread  over  it  is  a  reason  for  its  con- 
demnation. It  is  true  that  if  the  red-lead 
coat  is  not  dry  when  it  is  painted  over,  it 
will  quickly  oxidize  or  burn  up  the  paint  or 
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varnish  covering  it;  but,  if  the  red-lead 
priming  coat  is  made  to  dry  right  (if  hurried 
work  is  to  be  done),  or  if  a  mixture  of  it  and 
raw  linseed  oil  are  allowed  ample  time  to 
dry,  then  the  paint  topping  it  will  be  per- 
mitted to  live  out  its  natural  life.  Red-lead 
plaster  should  always  be  protected  by  elastic 
coatings,  the  pigments  largely  composing 
which  should  have  no  chemical  action  on 
the  binder,  and  should  be  repellent  of  water. 

Orange  mineral  results  from  the  calcina- 
tion of  white  lead ;  in  the  finished  product 
the  carbonic  principle  remains.  It  closely 
resembles  red  lead  in  composition  and 
in  its  properties,  but  is  more  bulky  and 
works  better.  Its  use  will  probably  in- 
crease. 

White  Lead.— White  Lead  is  the  best 
white  pigment  with  one  base  known  to-day. 
It  is  popular  with  painters  because  of  its 
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working  and  drying  properties,  and  because 
of  its  covering  or  hiding  power.  At  best 
it  is  a  soft,  sensitive,  and  unstable  com- 
pound, and  often,  as  sold,  it  is  but  a  me- 
chanical mixture  of  White  Lead  and  other 
salts  of  lead  that  are  white.  Corroded  lead 
is  not  amorphous,  but  more  or  less  crystal- 
line in  form. 

White  Lead  is  a  mixture  or  compound  of 
lead  carbonate  and  lead  hydrate.  A  per- 
fectly finished  White  Lead  contains  two 
parts  of  lead  carbonate  and  one  part  of  lead 
hydrate  (and  nothing  else),  the  former  giv- 
ing whiteness  and  the  latter  only  hardening 
the  oil;  but  without  it  there  is  no  paint, 
only  a  wash.  Excess  of  lead  hydrate  less- 
ens the  opacity  of  the  paint,  too  little  lead 
hydrate  lessens  its  binding  power  and 
working  quality.  One  who  has  had  much 
experience  with  White  Lead  writes:  "The 
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'Strictly  Pure,' as  found  in  the  market  to- 
day, ground  in  oil,  is  a  mechanical  mixture 
of  White  Lead,  acetate  of  lead,  chemically 
pure  carbonate  of  lead,  partially  corroded 
lead  (in  all  stages  of  corrosion),  rotten 
metallic  lead,  rotten  tan-bark,  and  excess  of 
water." 

'The  Dutch  Process  of  corroding  lead  is 
a  'happy-go-lucky'  one."  —(Terry.}  Under 
it  a  uniform  product  cannot  be  obtained, 
unless  the  pigment,  after  being  taken  from 
the  stacks,  is  ripened  and  finished  by  alter- 
nate washings  and  aerations  untii  it  is  re- 
lieved from  harmful  ingredients  and  ex- 
cesses; for  example,  excess  of  water,  lead 
acetate,  lead  carbonate,  etc.  Time  and 
money  only  can  accomplish  this  result. 
"The  time  is  probably  quickly  coming 
when,  except  for  indoor  or  the  commonest 
purposes,  White  Lead  Oil  Paint,  that  is, 
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White  Lead  ground  in  oil,  with  perhaps 
some  linseed  oil,  turpentine,  and  little  dri- 
ers, will  cease  to  be  used  for  any  engineer- 
ing structure  except  of  the  meanest  kind." 
— (Newman). 

ZINC   WHITE 

Zinc  white,  or  the  oxide  of  zinc,  has  been 
attracting  attention  in  the  past  few  years. 
The  action  of  the  French  Government  in 
requiring  its  use  upon  all  public  structures 
in  preference  to  White  Lead  has  doubtless, 
in  a  large  measure,  brought  this  about. 
However,  it  is  a  dangerous  pigment  to  use, 
because,  when  mulled  with  linseed  oil 
(especially  oil  containing  much  free  fatty 
acid),  brittle  soap  seems  to  be  formed,  which 
causes  a  paint  made  from  it  to  lack  adhe- 
siveness, and  peel  or  scale  off.  Then, 
again,  if  a  dried  film  of  paint  made  from  it 
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is  exposed  to  the  action  of  carbonic  acid 
and  water,  more  or  less  of  the  zinc  oxide  is 
converted  in  time  into  zinc  carbonate,  which 
is  more  obviously  crystalline  and  more 
bulky  than  the  oxide;  therefore,  such  a 
paint  would  lose  its  hiding  power,  and  in- 
crease in  volume,  causing  motion  in  the 
dried  paint.  The  remedy  for  the  defects 
in  zinc  oxide  is  to  combine  it  with  other 
pigments  that  will  improve  it. 

The  varieties  of  zinc  oxide  sold  are  of 
two  essential  kinds:  First,  that  from  the 
oxidation  of  metallic  zinc;  second,  that  ob- 
tained from  the  sublimation  of  zinc  ores. 
The  former  are  more  dense  and  better  paint 
pigments  than  the  latter.  (Occluded  gases.) 

The  particles  of  zinc  oxide  are  "  needle- 
formed,"  like  snow.  The  objectionable 
features  in  oxide  of  zinc  may  be  largely 
overcome  by  tempering  and  combining  it 
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with  lead  products,  oxides  of  iron,  carbon, 
or  any  hard,  indifferent  powder. 

ZINC    CHROMATE 

The  only  use  made  of  this  pigment  in 
structural  iron  paints  is  as  an  inhibitive  of 
corrosion.  Being  a  double  chromate  of 
zinc  and  potassium,  and  somewhat  soluble, 
it  acts,  when  pure,  like  potassium  chromate 
in  preventing  rust.  Some  other  chromates, 
such  as  calcium  and  barium  chromates, 
have  the  same  power. 

The  use  of  inhibitive  chromates  is  yet 
very  small,  partly,  no  doubt,  because  their 
actual  utility  has  not  been  proved  by  en- 
durance tests,  and  partly  because  the  use 
of  any  quality  short  of  chemically  pure  is 
worse  than  useless,  since  the  impurities 
may  be  stronger  stimulators  of  corrosion 
than  the  zinc  chromate  is  an  inhibitor. 
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REINFORCING   MATERIAL 

An  important  function  of  the  solids  in 
paint  is  to  protect  the  dried  binder  from 
destructive  influences.  Some  substances, 
by  virtue  of  their  stable  nature,  possess  this 
property  in  a  high  degree.  They  do  not 
act  chemically  upon  the  oil,  and  are  not 
easily  changed.  They  are  classed  as  inert 
pigments,  and  should  be  used  simply  as  a 
means  of  improving  and  increasing  the 
durability  of  the  paint. 

PIGMENTS    ALLOYS 

"  How  many  metals  make  the  bronze  of  Corinth  ?  " 

Regardless  of  color,  there  is  no  one  pig- 
ment that  will "  answer  all  the  requirements, 
fill  all  the  offices,"  of  a  perfect  pigment  to 
mix  with  linseed  oil  for  paint-making ;  not 
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a  single  pigment  that  will  do  what  pigment 
must  do,  until  a  better  medium  is  found  for 
paint-making  than  linseed  oil;  namely, 
"  take  and  retain  the  binder,  cover  and  ob- 
scure the  surface,"  prolong  the  life  of  the 
oil,  and  make  it  dry  fast  enough  for  practical 
use.  Certain  solids,  under  certain  condi- 
tions and  in  certain  proportions,  have 
mutual  action  upon  each  other;  they  inter- 
change elements  and  combine  to  form  new 
substances,  just  as  metals  alloy  and  form 
new  metals.  Now,  applying  this  truth  to 
pigments:  In  order  that  chemical  combina- 
tion may  follow,  or  that  that  which  is  bad 
in  one  pigment  may  be  linked  with  that 
which  is  bad  in  another,  to  produce  a  new 
pigment  that  is  good,  it  is  necessary  that 
the  solids  under  consideration  be  very 
finely  divided,  very  closely  intermingled; 
and  that  the  affinity  between  them  be  great 
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enough  to  excite  the  desired  interchanges 
and  to  form  the  new  substance. 

It  is  upon  this  sound  theory  that  some 
combination  paints  are  unwittingly  made. 
If  such  paints  are  scientifically  and  honestly 
made,  they  are  worthy  of  the  utmost  confi- 
dence, and  we  think  they  will  ultimately 
displace  all  others. 

TESTS 

"  Prove  all  things,  hold  fast  that  which  is  good." 

Paint  tests  may  be  of  three  kinds ;  namely, 
Chemical,  Mechanical,  and  Physical  tests. 

Chemical  Tests. — In  the  selection  of  solids 
and  liquids  for  paint-making,  it  is  well  to 
know  that  they  contain  no  deleterious  mat- 
ter, such  as  soluble  solids  or  destructive 
liquids,  nor  useless  substances  either  to 
make  weight  or  to  make  bulk.  Chemistry 
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can  tell  these  things,  but  it  cannot  foretell 
the  quality  of  the  finished  paint  from  a 
knowledge  of  the  materials  used. 

"  Chemistry  is  physics  applied  to  atoms 
and  molecules." — (Tyndall.)  A  chemical 
analysis  applies  to  very  small  quantities  of 
the  substances  used,  and  the  accuracy  of 
the  results  obtained  from  it  depend  entirely 
upon  the  method  of  sampling.  When  one 
considers  that  about  all  pigments  are  allo- 
tropic,  that  no  two  lots  of  paint  liquids  are 
exactly  alike,  and  that  any  prepared  paint 
changes  more  or  less,  in  one  way  or  another, 
with  age,  the  chemist's  test  is  proved  to  be 
of  value  in  so  far  as  it  relates  to  the  matter 
subject  to  his  analysis  and  determinations, 
and  no  further.  . 

The  popular  idea  of  a  chemist  is  that  of 
one  who  can  analyze  material  substances 
and  determine  their  composition— that  is, 


LIQUIDS     AND    SOLIDS  99 

take  them  apart ;  the  main  study  of  the  pro- 
gressive paint-maker  of  to-day  is  synthetic 
chemistry— that  is,  combining  separate  sub- 
stances into  new  forms.  Chemistry  can  tell 
things  that  may  have  been  used  in  making 
a  paint;  it  can  foretell  some  phenomena 
that  it  may  develop,  but  it  cannot  at  all 
surely  predict  its  "vis  viva" — that  is,  what 
the  stuff  will  do,  and  what  it  will  do  is  the 
only  true  measure  of  its  value  or  worth. 
"Chemistry  is  the  science  of  affinity." 
— (Simon.}  "Essentially  heterogeneous 
bodies  excite  chemical  affinity."  Do  you 
fancy  that  a  chemist  can  probably  know  the 
affinities  that  exist  in  the  kinds  of  gross 
matter  used  by  the  paint-maker  as  well 
as  the  paint-maker  can?  The  solids  and 
liquids  used  to  secure  a  worthy  paint  must 
have  a  liking  for  one  another,  else  you  can- 
not get  a  fairly  homogeneous  liquid  mass; 
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if  you  do  not  get  that,  you  have  a  poor 
paint.  Further,  the  quality  of  paint  depends 
quite  as  much  upon  its  physical  as  it  does 
upon  its  chemical  properties. 

Mechanical  Tests. — By  this  is  meant  tests 
made  by  a  skilful  painter.  No  one  can  de- 
termine the  working  qualities  of  paint  as 
well  as  the  man  whose  eye  and  hand  and 
arm  are  trained  through  practice.  The  im- 
portance of  the  proper  application  of  paint 
receives  less  attention  than  it  deserves;  e.g^ 
air  bubbles  may  be  worked  out  of  paint  by 
means  of  thorough  brushing  with  good 
tools,  and  then  again  a  poor  painter  may 
use  25  per  cent,  more  material  upon  a  given 
surface  than  a  good  painter  will  use,  and 
get  poorer  results  with  it.  Engineers  and 
architects  should  demand  the  employment 
of  competent  artisans  to  do  their  painting, 
for  results  are  often  more  dependent  upon 
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the  intelligence  and  good  will  of  the  painter 
than  upon  the  quality  of  the  material  used. 

It  is  worthy  of  mention  that,  in  all  the 
years  the  company,  with  which  the  author 
has  been  connected,  has  been  making  tests 
of  oil  paints  upon  roofs,  bridges,  and  test- 
plates  of  wood,  iron,  steel,  and  glass,  we 
have  never  had  the  paint  blister,  scale,  or 
peel  off,  although,  of  course,  results  have 
often  been  non-concordant  and  we  have 
noted  great  difference  in  durability,  cover- 
ing, working,  and  drying  properties.  Why  ? 
Because  each  coat  has  been  applied  by  an 
expert  painter  with  thought  and  care,  to  a 
surface  in  fit  condition  to  receive  it,  and 
the  paint  was,  in  each  instance,  protected 
when  drying. 

Physical  Tests. — By  this  is  meant  weather 
tests  or  the  exposure  of  the  dried  paint,  on 
metallic  or  other  surfaces,  to  the  destruc- 
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tive  forces  of  nature,  such  as  sunshine,  rain- 
fall, frost,  dew,  heat,  cold,  light,  darkness, 
etc.,  or  to  those  agencies  which  are  fre- 
quently present  in  atmospheric  air,  that 
shorten  the  life  of  dried  paint,  such  as  acid 
or  alkaline  gases  and  vapors.  Comparative 
tests  on  limited  surfaces — that  is,  small 
panels  of  steel,  iron,  or  glass — may  be  mis- 
leading because  the  painter,  unless  experi- 
enced in  making  such  tests,  cannot  gauge 
his  work  with  unfamiliar  material,  and  be- 
cause his  brush  may  not  be  in  condition  to 
give  the  paints  an  impartial  trial. 

However,  given  a  properly  equipped 
testing-room,  a  thoughtful  painter  trained  by 
long  and  constant  practice  in  making  com- 
parative tests  on  small  panels,  and  a  sys- 
tematic method  faithfully  pursued  of  exam- 
ining and  recording  conditions  and  results ; 
we  believe  tests  of  an  unfamiliar  paint  or 
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paint  material  made  against  one  of  similar 
nature  and  use  and  of  known  properties, 
will  give  on  exposure  to  the  weather  more 
reliable  information  regarding  the  value  of 
the  new  material  than  any  other  method 
now  in  common  use.  In  this  way  it  is  pos- 
sible to  control  carefully  the  variable  factors 
always  present  in  each  painting  job,  such 
as  condition  of  surfaces,  character  of  paint, 
state  of  weather,  and  method  of  application, 
each  of  which  has  far-reaching  effect  on  the 
durability  of  the  paint  coating. 

Actual  service  tests  under  normal  condi- 
tions give  the  most  conclusive  data  to  guide 
us,  but  so  long  as  it  takes  years  to  make 
them,  common  sense  dictates  that  consum- 
ers should  hold  fast  to  materials  that  uni- 
versal experience  has  proven  trustworthy, 
until  better  are  found.  Accelerated  tests 
under  "  abnormally  severe  conditions  "  have 
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little  value  unless  "  the  results  obtained  by 
the  method  selected  will  be  in  harmony 
with  long-time  service  tests."  It  is  easy  to 
test  the  water-proofing  quality  of  a  dried 
coating  of  paint,  but  such  a  test  determines 
nothing  more  than  the  ability  of  the  paint 
to  exclude  water  from  the  surface  under- 
neath it.  It  is  easy  to  test  the  effect  of  arti- 
ficial heat  upon  dried  paint,  but  this  does 
not  determine  the  power  of  the  paint  to 
withstand  sunshine.  We  have  found  no 
quick  test  to  determine  the  probable  life  of 
paint,  under  given  conditions,  but  are  led 
to  conclude  that  one  intimately  acquainted 
with  the  properties  of  the  subject-matter, 
and  with  the  forces  of  nature,  may  reason- 
ably predict  its  life,  if  he  knows  the  method 
of  application,  the  conditions  under  which 
it  is  to  be  exposed,  and  the  condition  of  the 
surface  upon  which  it  is  to  be  applied. 


CONCLUSION 

"Facts  are    nothing,  but    the  ideas    they    signify,   the 
analogies  that  they  evoke,  are  everything." 

—Jean  Morfas. 

Guided  by  study  of  the  phenomena  per- 
taining to  the  subject-matter — that  is,  oil 
paint — and  reasoning  by  analogy  and  infer- 
ence from  practice  and  experiments,  at  the 
present  time,  the  following  conclusions 
have  been  reached  in  regard  to  structural 
steel  coatings : 

1.  That  the  surface  of  steel  must  be  in 
fit  condition  to  receive   paint,  provided  a 
worthy  paint  is  used ;  otherwise,  it  is  better 
to  use  a  cheap  paint  or  tar  preparation. 

2.  That  to  know  the  probable  results  to 

be  obtained  from  the  use  of  any  paint  ma- 
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terials,  one  must  know  the  following  things 
about  them ;  namely : 

A — Their  history  and  mode  of  prep- 
aration. 

B — Their  physical  properties. 

C — Their  chemical  properties. 

3.  That  a  competent  paint-maker  can  de- 
sign a  paint  to  meet  any  reasonable  condi- 
tions of  location,  atmosphere,  temperature, 
surface,  application,  drying,  and  wear,  but 
that  in  order  to  do  so  he  must  know  the 
conditions;    that    these    being  known   he 
should  be  entrusted  with  the  manufacture 
of  a  coating  to  accomplish  the  results  de- 
sired. 

4.  That  the  priming,  or  first  coat  of  paint, 
upon  any  surface,  is  the  most   important 
one,  and  that  it  should  form  an  inhibitive, 
firm,  unyielding,  and  receptive  foundation 
for  those  to  follow  it. 


CONCLUSION  107 

5.  That  under-coats  should   dry  harder 
and  more  quickly  than  those  above  them, 
and  that  the  difference  in  drying  between 
adjoining  coats  should  not  be  very  great. 

6.  That   the  quality    of    the    binder  is 
equally  as  important  as  the  quality  of  the 
pigment. 

7.  That  the  quantity  or  weight  of  pig- 
ment used  is  equally  as  important  as  its 
quality  or  volume. 

8.  That  the  time  and  method  of  applica- 
tion are  equally  as  important  as  the  quality 
of  the  paint. 

9.  That  no  accelerated  tests  can  be  the 
equivalent  of  a  long-time  service  test. 


Theory  is  practice  applied  to 
atoms  and  molecules. 

Practice  is  theory  applied  to 
masses. 
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Johnson's  Statics  by  Algebraic  and  Graphic  Methods 8vo,  2  00 

Kellaway's  How  to  Lay  Out  Suburban  Home  Grounds. .  ." 8vo,  2  00 

Kidder's  Architects'  and  Builders'  Pocket-book 16mo,  mor.,  5  00 

Merrill's  Stones  for  Building  and  Decoration 8vo,  5  00 

Monckton's  Stair-building 4to,  4  00 

Patton's  Practical  Treatise  on  Foundations 8vo,  5  00 

Peabody's  Naval  Architecture 8vo,  7  50 

Rice's  Concrete-block  Manufacture „ 8vo,  2  00 

Richey's  Handbook  for  Superintendents  of  Construction 16mo,  mor.  4  03 

Building  Foreman's  Pocket  Book  and  Ready  Reference.  .  16mo,  mor.  5  00 
*  Building  Mechanics'  Ready  Reference  Series: 

*  Carpenters'  and  Woodworkers'  Edition 16mo,  mor.  1  50 

*  Cement  Workers'  and  Plasterers'  Edition 16mo,  mor.  1  50 

*  Plumbers',  Steam-Fitters',  and  Tinners'  Edition..  .  16mo,  mor.  1  50 

*  Stone-  and  Brick-masons'  Edition 16mo,  mor.  1  50 

Sabin's  House  Painting 12mo.  1  00 

Siebert  and  Biggin's  Modern  Stone-cutting  and  Masonry 8vo,  1  50 

Snow's  Principal  Species  of  Wood „ 8vo,  3  50 

Towne's  Locks  and  Builders'  Hardware 16mo,  mor.  3  00 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep,  6  50 

Law  of  Contracts 8vo,  3  00 

Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  8vo,  5  00 

Sheep,  5  50 

Wilson's  Air  Conditioning 12mo,  1  50 

Worcester  and  Atkinson's  Small  Hospitals,  Establishment  and  Maintenance, 

Suggestions  for  Hospital  Architecture,  with  Plans  for  a  Small  Hospital. 

12mo,  1  25 


ARMY  AND   NAVY. 

Beanadou's  Smokeless  Powder,  Nitro-cellulose,  and  the  Theory  of  the  Cellulose 

Molecule 12mo,  2  50 

Chase's  Art  of  Pattern  Making 12mo,  2  50 

Screw  Propellers  and  Marine  Propulsion 8vo,  3  00 

*  Cloke's  Enlisted  Specialists'  Examiner 8vo,  2  00 

*  Gunner's  Examiner 8vo,  1   5") 

Craig's  Azimuth 4to,  3   50 

Crehore  and  Squier's  Polarizing  Photo-chronograph 8vo,  3  00 

*  Davis's  Elements  of  Law 8vo,  2  50 

*  Treatise  on  the  Military  Law  of  United  States 8vo.  7  00 

DeBrack's  Cavalry  Outpost  Duties.      (Carr.) 24mo,  mor.  2  00 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial.  ..Large  12mo,  2  59 
Durand's  Resistance  and  Propulsion  of  Ships 8vo,  5  00 

*  Dyer's  Handbook  of  Light  Artillery 12mo,  3  00 

Eissler's  Modern  High  Explosives 8vo,  4  00 

*  Fiebeger's  Text-book  on  Field  Fortification Large  12mo,  2  00 

Hamilton  and  Bond's  The  Gunner's  Catechism 18mo,  1  00 

*  Hoff's  Elementary  Naval  Tactics 8vo,  1  50 

Ingalls's  Handbook  of  Problems  in  Direct  Fire 8vo,  4  09 

*  Lissak's  Ordnance  and  Gunnery 8vo,  6  00 
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*  Ludlow's  Logarithmic  and  Trigonometric  Tables 8vo,  $1  00 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols.  I.  and  II..8vo,each,  6  00 

*  Mahan's  Permanent  Fortifications.      (Mercur.) 8vo.  half  mor.  7  50 

Manual  for  Courts-martial 16mo,mor.  1  50 

*  Mercur's  Attack  of  Fortified  Places 12mo,  2  00 

*  Elements  of  the  Art  of  War 8vo,  4  00 

Nixon's  Adjutants'  Manual 24mo,  1  00 

Peabody's  Naval  Architecture 8vo,  7  50 

*  Phelps's  Practical  Marine  Surveying 8vo,  2  50 

Putnam's  Nautical  Charts 8vo,  2  00 

Rust's  Ex-meridian  Altitude.  Azimuth  and  Star- Finding  Tables 8vo,  5  00 

Sharpe's  Art  of  Subsisting  Armies  in  War 18mo,  mor.  1  50 

*  Tupes  and  Poole's  Manual  of  Bayonet  Exercises  and  Musketry  Fencing. 

24mo,  leather,  50 

*  Weaver's  Military  Explosives 8vo,  3  00 

Woodhull's  Notes  on  Military  Hygiene 16mo,  1  50 


ASSAYING. 

Betts's  Lead  Refining  by  Electrolysis 8vo,  4  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

16mo,  mor.  1   50 

Furman  and  Pardoe's  Manual  of  Practical  Assaying.      (Sixth    Edition.    Re- 
vised and  Enlarged) 8vo,  3  00 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments.. 8vo,  3  00 

Low's  Technical  Methods  of  Ore  Analysis 8vo,  3  03 

Miller's  Cyanide  Process 12mo,  1   00 

Manual  of  Assaying 12mo,  1  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.      (Waldo.).  ..12mo,  2  50 

O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  3  00 

Robine  and  Lenglen's  Cyanide  Industry.      (Le  Clerc.) 8vo,  4  00 

Ulke's  Modern  Electrolytic  Copper  Refining 8vo,  3  00 

Wilson's  Chlorination  Process 12mo,  1   50 

Cyanide  Processes 12mo,  1  50 


ASTRONOMY. 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  50 

Craig's  Azimuth 4to,  3  50 

Crandall's  Text-book  on  Geodesy  and  Least  Squares 8vo,  3  00 

Doolittle's  Treatise  on  Pracical  Astronomy 8vo,  4  00 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Hosmer's  Azimuth 16mo,  mor.  1  00 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

*  Michie  and  Harlow's  Practical  Astronomy 8vo,  3  00 

Rust's  Ex-meridian  Altitude,  Azimuth  and  Star-Finding  Tables 8vo,  5  00 

*  White's  Elements  of  Theoretical  and  Descriptive  Astronomy 12mo,  2  00 


CHEMISTRY. 

*  Abderhalden's    Physiological  Chemistry   in   Thirty  Lectures.      (Hall   and 

Defren) 8vo,  5  00 

*  Abegg's  Theory  of  Electrolytic  Dissociation,     (von  Ende.) 12mo,  1  25 

Alexeyeff's  General  Principles  of  Organic  Syntheses.      (Matthews.) 8vo,  3  00 

Allen's  Tables  for  Iron  Analysis 8vo,  3  00 

Armsby 's  Principles  of  Animal  Nutrition 8vo,  4  00 

Arnold's  Compendium  of  Chemistry.     (Mandel.) Large  12mo,  3  50 

Association  of  State  and  National  Food  and  Dairy  Departments,  Hartford 

Meeting,  1906 8vo,  3  00 

Jamestown  Meeting,  1907 8vo,  3  00 
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Austen's  Notes  for  Chemical  Students 12mo,  $1  oO 

Baskerville's  Chemical  Elements.      (In  Preparation) . 

Bernadou's  Smokeless  Powder. — Nitro-cellulose,  and  Theory  of  the  Cellulose 

Molecule 12mo,  2  50 

Biltz's  Introduction  to  Inorganic  Chemistry.    (Hall  and  Phelan).    (In  Press). 
Laboratory  Methods  of  Inorganic  Chemistry.      (Hall  and  Blanchard). 

8vo,  3  00 

*  Blanchard's  Synthetic  Inorganic  Chemistry 12mo,  1   00 

*  Browning's  Introduction  to  the  Rarer  Elements .  8vo,  1  50 

*  Claassen's  Beet-sugar  Manufacture.      (Hall  and  Rolfe.) 8vo,  3  00 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.      (Boltwood.).Svo,  3  00 

Cohn's  Indicators  and  Test-papers 12mo,  2  00 

Tests  and  Reagents '. 8vo,  3  00 

*  Danneel's  Electrochemistry.      (Merriam.) 12mo,  1   25 

Dannerth's  Methods  of  Textile  Chemistry 12mo,  2  00 

Duhem's  Thermodynamics  and  Chemistry.      (Burgess.) 8vo,  4  00 

Effront's  Enzymes  and  their  Applications.      (Prescott.) 8vo,  3  00 

Eissler's  Modern  High  Explosives 8vo,  4  00 

Erdmann's  Introduction  to  Chemical  Preparations.      (Dunlap.) 12mo,  1   25 

*  Fischer's  Physiology  of  Alimentation Large  12mo,  2  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

12mo,  mor.  1   50 

Fowler's  Sewage  Works  Analyses 12mo,  2  00 

Fresenius's  Manual  of  Qualitative  Chemical  Analysis.      (Wells.) 8vo,  5  00 

Manual  of  Qualitative  Chemical  Analysis.  Part  I.  Descriptive.  (Wells.)8vo,  3  00 

Quantitative  Chemical  Analysis.      (Cohn.)     2  vols 8vo,  12  50 

When  Sold  Separately,  Vol.  I,  $6.     Vol.  II,  $8. 

Fuertes's  Water  and  Public  Health 12mo,  1  50 

Furman    and    Pardoe's    Manual    of    Practical   Assaying.       (Sixth    Edition, 

Revised  and  Enlarged.) 8vo,  3  00 

*  Getman's  Exercises  in  Physical  Chemistry 12mo,  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers 12mo,  1  25 

*  Gooch  and  Browning's  Outlines  of  Qualitative  Chemical  Analysis. 

»                              Large  12mo,  1   25 

Grotenfelt's  Principles  of  Modern  Dairy  Practice.      (Woll.) 12mo,  2  00 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) 12mo,  1   25 

Hammarsten's  Text-book  of  Physiological  Chemistry.      (Mandel.) 8vo,  4  00 

Hanausek's  Microscopy  of  Technical  Products.      (Winton.) 8vo,  5  00 

*  Haskins  and  Macleod's  Organic  Chemistry 12mo,  2  00 

Hering's  Ready  Reference  Tables  (Conversion  Factors) 16mo,  mor.  2  50 

*  Herrick's  Denatured  or  Industrial  Alcohol 8vo,  4  00 

Hinds's  Inorganic  Chemistry 8vo,  3  00 

*  Laboratory  Manual  for  Students 12mo,  1  00 

*  Holleman's    Laboratory    Manual    of    Organic    Chemistry   for    Beginners. 

(Walker.) 12mo,  1  00 

Text-book  of  Inorganic  Chemistry.      (Cooper.) 8vo,  2  50 

Text-book  of  Organic  Chemistry.      (Walker  and  Mott.) 8vo,  2  50 

*  Holley's  Lead  and  Zinc  Pigments Large  12mo,  3  00 

Hdlley  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments,  and  Varnishes. 

Large  12mo,  2  50 

Hopkins's  Oil-chemists'  Handbook 8vo,  3  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.  .8vo,  1   25 
Johnson's  Rapid  Methods  for  the  Chemical  Analysis  of  Special  Steels,  Steel- 
making  Alloys  and  Graphite Large  12mo,  3  00 

Landauer's  Spectrum  Analysis.      (Tingle.) 8vo,  3  00 

*  Langworthy  and  Austen's  Occurrence  of  Aluminum  in  Vegetable  Prod- 

ucts, Animal  Products,  and  Natural  Waters 8vo,  2  00 

Lassar-Cohn's  Application  of  Some  General  Reactions  to  Investigations  in 

Organic  Chemistry.  (Tingle.) 12mo,  1  00 

Leach's  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control 8vo,  7  50 

Lob's  Electrochemistry  of  Organic  Compounds.  (Lorenz.) 8vo,  3  00 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments.. 8 vo,  3  00 

Lows  Technical  Method  of  Ore  Analysis. 8vo,  3  00 

Lunge's  Techno-chemical  Analysis.  (Cohn.). . 12mo,  1  00 

'  *  McKay  and  Larsen's  Principles  and  Practice  of  Butter-making Svo,  1  50 

Maire's  Modern  Pigments  and  their  Vehicles 12mo,  2  00 


Mandel's  Handbook  for  Bio-chemical  Laboratory 12mo,  $1  50 

*  Martin's   Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpipe 

12mo,       60 

Mason's  Examination  of  Water.      (Chemical  and  Bacteriological.) 12mo,  1  25 

Water-supply.      (Considered  Principally  from  a  Sanitary  Standpoint.) 

8vo,  4  00 

*  Mathewson's  First  Principles  of  Chemical  Theory 8vo,  1  00 

Matthews's  Laboratory  Manual  of  Dyeing  and  Textile  Chemistry 8vo,  3  50 

Textile  Fibres.     2d  Edition,  Rewritten 8vo,  4  00 

*  Meyer's    Determination    of    Radicles    in    Carbon    Compounds.      (Tingle.) 

Third  Edition. .. 12mo,  1  25 

Miller's  Cyanide  Process 12mo,  1   00 

Manual  of  Assaying 12mo,  1  09 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.      (Waldo.). .  .12mo,  2  50 

Mixter's  Elementary  Text-book  of  Chemistry 12mo,  1   50 

Morgan's  Elements  of  Physical  Chemistry 12mo,  3  00 

Outline  of  the  Theory  of  Solutions  and  its  Results 12mo,  1   OO 

*  Physical  Chemistry  for  Electrical  Engineers 12mo,  1  50 

Morse's  Calculations  used  in  Cane-sugar  Factories 16mo,  mor.  1   50 

*  Muir's  History  of  Chemical  Theories  and  Laws 8vo,  4  00 

Mulliken's  General  Method  for  the  Identification  of  Pure  Organic  Compounds. 

Vol.  I.      Compounds  of  Carbon  with  Hydrogen  and  Oxygen.  Large  8vo,  5  00 

Vol.  II.      Nitrogenous  Compounds.      (In  Preparation). 

Vol.  III.     The  Commercial  Dyestuffs.     (In  Press). 

O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  00 

Ostwald's  Conversations  on  Chemistry.      Part  One.      (Ramsey.) 12mo,  1   50 

Part  Two.      (Turnbull.) 12mo,  200 

Owen  and  Standage's  Dyeing  and  Cleaning  of  Textile  Fabrics 12mo,  2  00 

*  Palmer's  Practical  Test  Book  of  Chemistry 12mo,  1  00 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.      (Fischer.) .  .  12mo,  1   25 
Penfield's  Tables  of  Minerals,  Including  the  Use  of  Minerals  and  Statistics 

of  Domestic  Production 8vo,  1  00 

Pictet's  Alkaloids  and  their  Chemical  Constitution.      (Biddle.) 8vo,  5  00 

Poole's  Calorific  Power  of  Fuels 8vo,  3  00 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis 12mo,  1   50 

*  Reisig's  Guide  to  Piece-Dyeing 8vo,  25  00 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  8vo.  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  3  00 

Rideal's  Disinfection  and  the  Preservation  of  Food 8vo,  4  00 

Sewage  and  the  Bacterial  Purification  of  Sewage 8vo,  4  00 

Rigg's  Elementary  Manual  for  the  Chemical  Laboratory 8vo,  1   25 

Robine  and  Lenglen's  Cyanide  Industry.      (Le  Clerc.) 8vo,  4  00 

Ruddiman's  Incompatibilities  in  Prescriptions 8vo,  2  00 

Whys  in  Pharmacy 12mo,  1  00 

Ruer's  Elements  of  Metallography.      (Mathewson).      (In  Press.) 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish 8vo,  3  00 

Salkowski's  Physiological  and  Pathological  Chemistry.      (Orndorff.) 8vo,  2  50 

Schimpf 's  Essentials  of  Volumetric  Analysis 12mo,  1   25 

Manual  of  Volumetric  Analysis.      (Fifth  Edition,  Rewritten) 8vo,  503 

*  Qualitative  Chemical  Analysis 8vo,  1  25 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students 8vo,  2  53 

Spencer's  Handbook  for  Cane  Sugar  Manufacturers 16mo,  mor.  3  03 

Handbook  for  Chemists  of  Beet-sugar  Houses 16mo,  mor.  3  00 

Stockbridge's  Rocks  and  Soils 8vo,  2  50 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters 8vo,  3  53 

*  Tillman's  Descriptive  General  Chemistry 8vo,  3  00 

*  Elementary  Lessons  in  Heat .  8vo,  1  50 

Treadwell's  Qualitative  Analysis.     (Hall.) 8vo,  3  00 

Quantitative  Analysis.     (Hall.) 8vo,  4  00 

Turneaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Van  Deventer's  Physical  Chemistry  for  Beginners.      (Boltwood.) 12mo,  1   50 

Venable's  Methods  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo,  3  00 

Ward  and  Whipple's  Freshwater  Biology.     (In  Press.) 

Ware's  Beet-sugar  Manufacture  and  Refining.     Vol.  1 8vo,  4  00 

Vol.11 8vo,  500 
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Washington's  Manual  of  the  Chemical  Analysis  of  Rocks 8vo,  $2  00 

*  Weaver's  Military  Explosives „.'.  ...  \ '  '  '  'gvo'  3  QQ 

Wells's  Laboratory  Guide  in  Qualitative  Chemical  Analysis 8vo!  1  50 

Short  Course  in  Inorganic  Qualitative  Chemical  Analysis  for  Engineering 

Students 12mO(  1  50 

,          Text-book  of  Chemical  Arithmetic ,  I2mo,  1   25 

Whipple's  Microscopy  of  Drinking-water , gvo,  3  50 

Wilson's  Chlorination  Process .' 12mo,'  1   50 

Cyanide  Processes 12mo!  I  50 

Winton's  Microscopy  of  Vegetables  Food 8vo,  7  50 

Zsigmondy's  Colloids  and  the  Ultramicroscope.      (Alexander). .. Large  12mo,'  3  00 


CIVIL    ENGINEERING. 

BRIDGES   AND    ROOFS.     HYDRAULICS.     MATERIALS   OP   ENGINEER- 
ING.    RAILWAY   ENGINEERING. 

Baker's  Engineers'  Surveying  Instruments 12mo,  3  00 

Bixby's  Graphical  Computing  Table Paper  19£  X  24  J  inches.  25 

Breed  and  Hosmer's  Principles  and  Practice  of  Surveying.     Vol.  I.  Elemen- 
tary Surveying 8vo,  3  00 

Vol.  II.      Higher  Surveying 8vo,  2  50 

*  Burr's  Ancient  and  Modern  Engineering  and  the  Isthmian  Canal 8vo,  3  50 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  50 

*  Corthell's  Allowable  Pressure  on  Deep  Foundations 12mo,  1  25 

Crandall's  Text-book  on  Geodesy  and  Least  Squares 8vo,  3  00 

Davis's  Elevation  and  Stadia  Tables 8vo,  1  00 

Elliott's  Engineering  for  Land  Drainage 12mo,  1   50 

Practical  Farm  Drainage.      (Second  Edition  Rewritten.) 12mo,  1  50 

*  Fiebeger's  Treatise  on  Civil  Engineering 8vo,  5  00 

Flemer's  Photographic  Methods  and  Instruments 8vo,  5  00 

Folwell's  Sewerage.      (Designing  and  Maintenance.) 8vo,  3  00 

Freitag's  Architectural  Engineering 8vo,  3  50 

Goodhue's  Municipal  Improvements 12mo,  1  50 

*  Hauch  and  Rice's  Tables  of  Quantities  for  Preliminary  Estimates. .  .  12mo,  1  25 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Hering's  Ready  Reference  Tables  (Conversion  Factors) 16mo,  mor.  2  50 

Hosmer's  Azimuth 16mo,  mor.  1  00 

Howe'  Retaining  Walls  for  Earth 12mo,  1  25 

*  Ives's  Adjustments  of  the  Engineer's  Transit  and  Level. 16mo,  bds.  25 

Johnson's  (J.  B.)  Theory  and  Practice  of  Surveying Large  12mo,  4  00 

Johnson's  (L.  J.)  Statics  by  Algebraic  and  Graphic  Methods 8vo,  2  00 

Kinnicutt,  Winslow  and  Pratt's  Purification  of  Sewage.      (In  Preparation). 

*  Mahan's  Descriptive  Geometry 8vo,  1  50 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

Merriman  and  Brooks's  Handbook  for  Surveyors 16mo,  mor.  2  00 

Nugent's  Plane  Surveying 8vo,  3  50 

Ogden's  Sewer  Construction 8vo,  3  00 

Sewer  Design 12mo,  2  00 

Parsons's  Disposal  of  Municipal  Refuse 8vo,  2  00 

Patton's  Treatise  on  Civil  Engineering 8vo,  half  leather,  7  50 

Reed's  Topographical  Drawing  and  Sketching 4to,  5  00 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage 8vo,  4  00 

Riemer's  Shaft-sinking  under  Difficult  Conditions.  (Corning  and  Peele.).8vo,  3  00 

Siebert  and  Biggin's  Modern  Stone-cutting  and  Masonry 8vo,  1  50 

Smith's  Manual  of  Topographical  Drawing.     (McMillan.) 8vo,  2  50 

Soper's  Air  and  Ventilation  of  Subways. 12mo,  2  50 

*  Tracy's  Exercises  in  Surveying 12mo,  mor.  1  00 

Tracy's  Plane  Surveying 16mo,  mor.  3  00 

*  Trautwine's  Civil  Engineer's  Pocket-book 16mo,  mor.  5  00 

.Venable's  Garbage  Crematories  in  America. 8vo,  2  00 

,         Methods  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo,  3  00 
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Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  $6  00 

Sheep,  6  50 

Law  of  Contracts 8vo,  3  00 

Law  of   Operations   Preliminary   to  Construction   in   Engineering  and 

Architecture 8vo,  5  00 

Sheep,  5  50 

Warren's  Stereotomy — Problems  in  Stone-cutting 8vo,  2  50 

*  Waterbury's   Vest-Pocket   Hand-book   of   Mathematics   for   Engineers. 

2|X5|  inches,  mor.  1  00 
Webb's  Problem's  in  the  Use  and  Adjustment  of  Engineering  Instruments. 

16mo,  mor.  1  25 

Wilson's  Topographic  Surveying 8vo,  3  50 


BRIDGES   AND  ROOFS. 

Boiler's  Practical  Treatise  on  the  Construction  of  Iron  Highway  Bridges.. 8vo,  2  00 

*  Thames  River  Bridge Oblong  paper,  5  00 

Burr  and  Falk's  Design  and  Construction  of  Metallic  Bridges 8vo,  5  00 

Influence  Lines  for  Bridge  and  Roof  Computations 8vo,  3  00 

Du  Bois's  Mechanics  of  Engineering.     Vol.  II Small  4to,  10  00 

Foster's  Treatise  on  Wooden  Trestle  Bridges 4to,  5  00 

Fowler's  Ordinary  Foundations 8vo,  3  50 

Greene's  Arches  in  Wood,  Iron,  and  Stone 8vo,  2  50 

Bridge  Trusses 8vo,  2  50 

Roof  Trusses • 8vo,  1  25 

Grimm's  Secondary  Stresses  in  Bridge  Trusses 8vo,  2  50 

Heller's  Stresses  in  Structures  and  the  Accompanying  Deformations..  .  .8vo,  3  00 

Howe's  Design  of  Simple  Roof-trusses  in  Wood  and  Steel 8vo.  2  00 

Symmetrical  Masonry  Arches 8vo,  2  50 

Treatise  on  Arches 8vo,  4  00 

Johnson,  Bryan  and  Turneaure's  Theory  and  Practice  in  the  Designing  of 

Modern  Framed  Structures Small  4to,  10  00 

Merriman  and  Jacoby's  Text-book  on  Roofs  and  Bridges: 

Part  I.      Stresses  in  Simple  Trusses 8vo,  2  50 

Part  II.    Graphic  Statics 8vo,  2  50 

Part  III.     Bridge  Design .-. 8vo,  2  50 

Part  IV.  Higher  Structures 8vo,  2  50 

Morison's  Memphis  Bridge Oblong  4to,  10  00 

Sondericker's  Graphic  Statics,  with  Applications  to  Trusses,   Beams,  and 

Arches 8vo,  2  00 

Waddell's  De  Pontibus,  Pocket-book  for  Bridge  Engineers 16mo,  mor.  2  00 

*  Specifications  for  Steel  Bridges 12mo,  50 

Waddell  and  Harringtoon's  Bridge  Engineering.      (In  Preparation.) 

Wright's  Designing  of  Draw-spans.     Two  parts  in  one  volume 8vo,  3  50 


HYDRAULICS. 

Barnes's  Ice  Formation 8vo,  3  00 

Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

an  Orifice.      (Trautwine.) 8vo,  2  00 

Bovey's  Treatise  on  Hydraulics 8vo,  5  00 

Church's  Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels. 

Oblong  4to,  paper,  1  50 

Hydraulic  Motors 8vo,  2  00 

Coffin's  Graphical  Solution  of  Hydraulic  Problems 16mo,  mor.  2  50 

Flather's  Dynamometers,  and  the  Measurement  of  Power 12mo,  3  00 

Folwell's  Water-supply  Engineering 8vo,  4  00 

Frizell's  Water-power 8vo,  5  00 

Fuertes's  Water  and  Public  Health 12mo,  1  50 

Water-filtration  Works 12mo,  2  50 

Ganguillet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  in 

Rivers  and  Other  Channels.      (Hering  and  Trautwine.) 8vo,  4  00 
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Hazen's  Clean  Water  and  How  to  Get  It Large  12mo,  $1   50 

Filtration  of  Public  Water-supplies 8vo,  3  00 

Hazelhurst's  Towers  and  Tanks  for  Water-works 8vo,  2  50 

Herschel's  115  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits 8vo,  2  00 

Hoyt  and  Grover's  River  Discharge 8vo,  2  00 

Hubbard   and    Kiersted's    Water-works    Management   and    Maintenance. 

8vo,  4  00 

*  Lyndon's    Development   and    Electrical    Distribution    of    Water    Power. 

8vo.  3  00 

Mason's  Water-supply.      (Considered    Principally   from    a    Sanitary   Stand- 
point.)   8vo,  4  00 

Merriman's  Treatise  on  Hydraulics. 8vo,  5  00 

*  Molitor's  Hydraulics  of  Rivers,  Weirs  and  Sluices 8vo,  2  00 

*  Richards's  Laboratory  Notes  on  Industrial  Y/ater  Analysis 8vo,  50 

Schuyler's   Reservoirs  for   Irrigation,   Water-power,   and   Domestic   Water- 
supply.      Second  Edition,  Revised  and  Enlarged Large  8vo,  6  00 

*  Thomas  and  Watt's  Improvement  of  Rivers 4to,  6  00 

Turneaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Wegmann's  Design  and  Construction  of  Dams.      5th  Ed.,  enlarged 4to,  6  00 

Water-Supply  of  the  City  of  New  York  from  1658  to  1895 4 to,  10  00 

Whipple's  Value  of  Pure  Water Large  12mo,  1  00 

Williams  and  Hazen's  Hydraulic  Tables 8vo,  1   50 

Wilson's  Irrigation  Engineering 8vo,  4  00 

Wood's  Turbines 8vo,  2  50 


MATERIALS    OF    ENGINEERING. 

Baker's  Roads  and  Pavements 8vo,  5  00 

Treatise  on  Masonry  Construction 8vo,  5  00 

Black's  United  States  Public  Works Oblong  4to,  5  00 

Blanchard's  Bituminous  Roads.      (In  Press.) 

Bleininger's  Manufacture  of  Hydraulic  Cement.      (In  Preparation.) 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering 8vo,  7  50 

Byrne's  Highway  Construction 8vo,  5  00 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

16mo,  3  00 

Church's  Mechanics  of  Engineering 8vo,  6  00 

Du  Bois's  Mechanics  of  Engineering. 

Vol.    I.  Kinematics,  Statics,  Kinetics Small  4to,  7  50 

Vol.  II.  The  Stresses  in  Framed  Structures,  Strength  of  Materials  and 

Theory  of  Flexures Small  4to,  10  00 

*  Eckel's  Cements,  Limes,  and  Plasters 8vo,  6  00 

Stone  and  Clay  Products  used  in  Engineering.      (In  Preparation.) 

Fowler's  Ordinary  Foundations 8vo,  3  50 

*  Greene's  Structural  Mechanics 8vo,  2  50 

*  Holley's  Lead  and  Zinc  Pigments Large  12mo,  3  00 

Holley  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments  and  Varnishes. 

Large  12mo,  2  50 
Johnson's  (C.  M.)  Rapid  Methods  for  the  Chemical  Analysis  of  Special  Steels, 

Steel-making  Alloys  and  Graphite Large  12mo,  3  00 

Johnson's  (J.  B.)  Materials  of  Construction Large  8vo,  6  00 

Keep's  Cast  Iron 8vo,  2  50 

Lanza's  Applied  Mechanics 8vo,  7  50 

Maire's  Modern  Pigments  and  their  Vehicles 12mo,  2  00 

Martens's  Handbook  on  Testing  Materials.     (Henning.)     2  vols 8vo,  750 

Maurer's  Technical  Mechanics 8vo,  4  00 

Merrill's  Stones  for  Building  and  Decoration 8vo,  5  00 

Merriman's  Mechanics  of  Materials 8vo,  5  00 

*  Strength  of  Materials 12mo,  1  00 

Metcalf 's  Steel.     A  Manual  for  Steel-users 12mo,  2  00 

Morrison's  Highway  Engineering 8vo,  2  50 

Patton's  Practical  Treatise  on  Foundations 8vo,  5  00 

Rice's  Concrete  Block  Manufacture 8vo,  2  00 


Richardson's  Modern  Asphalt  Pavements 8vo,  $3  00 

Richey's  Building  Foreman's  Pocket  Book  and  Ready  Reference.  16mo,mor.  5  00 

*  Cement  Workers'  and  Plasterers'  Edition  (Building  Mechanics'  Ready 

Reference  Series) 16mo,  mor.  1  50 

Handbook  for  Superintendents  of  Construction 16mo,  mor.  4  00 

*  Stone    and     Brick     Masons'     Edition    (Building    Mechanics'    Ready 

Reference  Series) 16mo,  mor.  1  50 

*  Ries's  Clays:   Their  Occurrence,  Properties,  and  Uses 8vo,  5  00 

*  Ries  and  Leighton's  History  of  the  Clay-working  Industry  of  the  United 

States 8vo.  2  50 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish 8vo,  3  00 

Smith's  Strength  of  Material 12mo, 

Snow's  Principal  Species  of  Wood 8vo,  3  50 

Spalding's  Hydraulic  Cement 12mo,  2  00 

Text-book  on  Roads  and  Pavements 12mo,  2  00 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  5  00 

Thurston's  Materials  of  Engineering.      In  Three  Parts 8vo,  8  00 

Part  I.      Non-metallic  Materials  of  Engineering  and  Metallurgy..  .  .8vo,  2  00 

Part  II.     Iron  and  Steel 8vo,  3  50 

Part  III.    A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  2  50 

Tillson's  Street  Pavements  and  Paving  Materials 8vo,  4  00 

Turneaure  and   Maurer's   Principles  of   Reinforced   Concrete  Construction. 

Second  Edition,  Revised  and  Enlarged 8vo,  3  50 

Waterbury's  Cement  Laboratory  Manual 12mo,  1  00 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Materials,  and  an  Appendix  on 

the  Preservation  of  Timber 8vo,  2  00 

Wood's  (M.  P.)  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and 

Steel 8vo,  4  00 


RAILWAY   ENGINEERING. 

Andrews's  Handbook  for  Street  Railway  Engineers 3X5  inches,  mor.  1  25 

Berg's  Buildings  and  Structures  of  American  Railroads 4to,  5  00 

Brooks's  Handbook  of  Street  Railroad  Location 16mo,  mor.  1  50 

Butts's  Civil  Engineer's  Field-book 16m9,  mor.  2  50 

Crandall's  Railway  and  Other  Earthwork  Tables 8vo,  1  50 

Transition  Curve 16mo,  mor.  1  50 

*  Crockett's  Methods  for  Earthwork  Computations 8vo,  ",    50 

Dredge's  History  of  the  Pennsylvania  Railroad.   (1879) Papei  5  00 

Fisher's  Table  of  Cubic  Yards Cardboard,  25 

Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  Guide. .  16mo,  mor.  2  50 
Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments  8vo,  1  00 

Ives  and  Hilts's  Problems  in  Surveying,  Railroad  Surveying  and  Geodesy 

16mo,  mor.  1  50 

Molitor  and  Beard's  Manual  for  Resident  Engineers 16mo,  1  00 

Nagle's  Field  Manual  for  Railroad  Engineers 16mo,  mor.  3  00 

*  Orrock's  Railroad  Structures  and  Estimates 8vo,  3  00 

Philbrick's  Field  Manual  for  Engineers 16mo,  mor.  3  00 

Raymond's  Railroad  Engineering.     3  volumes. 

Vol.      I.  Railroad  Field  Geometry.     (In  Preparation.) 

Vol.    II.  Elements  of  Railroad  Engineering 8vo,  3  50 

Vol.  III.  Railroad  Engineer's  Field  Book.      (In  Preparation.) 

Searles's  Field  Engineering 16mo,  mor.  3  00 

Railroad  Spiral 16mo,  mor.  1  50 

Taylor's  Prismoidal  Formulae  and  Earthwork 8vo,  1  50 

*  Trautwine's  Field  Practice  of  Laying  Out  Circular  Curves  for  Railroads. 

12mo,  mor.  2  50 

*  Method  of  Calculating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments by  the  Aid  of  Diagrams 8vo,  2  09 

Webb's  Economics  of  Railroad  Construction Large  12mo,  2  50 

Railroad  Construction IGmo,  mor.  5  00 

Wellington's  Economic  Theory  of  the  Location  of  Railways Large  12mo.  5  00 

Wilson's  Elements  of  Railroad-Track  and  Construction 12mo,  2  00 
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DRAWING. 

Barr's  Kinematics  of  Machinery 8vo,  $2  50 

*  Bartlett's  Mechanical  Drawing 8vo,  3  00 

*  "                                                      Abridged  Ed 8vo,  150 

Coolidge's  Manual  of  Drawing 8vo,  paper,  1  00 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  Engi- 
neers  Oblong  4to,  2  50 

Durley's  Kinematics  of  Machines 8vo,  4  00 

Emch's  Introduction  to  Protective  Geometry  and  its  Application 8vo,  2  50 

French  and  Ives'  Stereotomy 8vo,  2  50 

Hill's  Text-book  on  Shades  and  Shadows,  and  Perspective 8vo,  2  00 

Jamison's  Advanced  Mechanical  Drawing Svo,  2  00 

Elements  of  Mechanical  Drawing Svo,  2  50 

Jones's  Machine  Design: 

Part  I.    Kinematics  of  Machinery Svo,  1  50 

Part  II.  Form,  Strength,  and  Proportions  of  Parts Svo,  3  00 

Kimball  and  Barr's  Machine  Design.      (In  Press.) 

MacCord's  Elements  of  Descritpive  Geometry Svo,  3  00 

Kinematics ;  or,  Practical  Mechanism Svo,  5  00 

Mechanical  Drawing 4to,  4  00 

Velocity  Diagrams Svo,  1  50 

McLeod's  Descriptive  Geometry Large  12mo,  1  50 

*  Mahan's  Descriptive  Geometry  and  Stone-cutting Svo,  1  50 

Industrial  Drawing.  (Thompson.) Svo,  3  50 

Moyer's  Descriptive  Geometry Svo,  2  00 

Reed's  Topographical  Drawing  and  Sketching 4to,  5  00 

Reid's  Course  in  Mechanical  Drawing Svo,  2  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. .Svo,  3  00 

Robinson's  Principles  of  Mechanism Svo,  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism Svo,  3  OQ 

Smith  (A.  W.)  and  Marx's  Machine  Design Svo,  3  00 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.  (McMillan) Svo,  2  50 

*  Titsworth's  Elements  of  Mechanical  Drawing Oblong  Svo,  1  25 

Warren's  Drafting  Instruments  and  Operations 12mo,  1  25 

Elements  of  Descriptive  Geometry,  Shadows,  and  Perspective Svo,  3  50 

Elements  of  Machine  Construction  and  Drawing Svo,  7  50 

Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing.  . .  .  12mo,  1  00 

General  Problems  of  Shades  and  Shadows Svo,  3  00 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Forms  and 

Shadow 12mo,  1  00 

Manual  of  Elementary  Projection  Drawing 12mo,  1  50 

Plane  Problems  in  Elementary  Geometry 12mo,  1  25 

1     Problems,  Theorems,  and  Examples  in  Descriptive  Geometry Svo,  2  50 

Weisbach's     Kinematics    and    Power    of    Transmission.      (Hermann    and 

Klein.) Svo,  5  00 

Wilson's  (H.  M.)  Topographic  Surveying Svo,  3  50 

*  Wilson's  (V.  T.)  Descriptive  Geometry Svo,  1  50 

Free-hand  Lettering Svo,  1  00 

Free-hand  Perspective Svo,  2  50 

Woolf's  Elementary  Course  in  Descriptive  Geometry Large  Svo,  3  00 


ELECTRICITY   AND   PHYSICS. 

*  Abegg's  Theory  of  Electrolytic  Dissociation,     (von  Ende.) 12mo,  1  25 

Andrews's  Hand-book  for  Street  Railway  Engineering 3X5  inches,  mor.  1  25 

Anthony  and  Brackett's  Text-book  of  Physics.      (Magie.) ...  .Large  12mo,  3  00 
Anthony  and  Ball's  Lecture-notes  on  the  Theory  of  Electrical  Measure- 
ments  12mo,  1  00 

Benjamin's  History  of  Electricity .Svo,  3  00 

Voltaic  Cell ..Svo,  3  00 
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Betts's  Lead  Refining  and  Electrolysis 8vo,  $4  00 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood.).Svo,  3  00 

*  Collins's  Manual  of  Wireless  Telegraphy  and  Telephony 12mo,  1  50 

Mor.  2  00 

Crehore  and  Squier's  Polarizing  Photo-chronograph 8vo,  3  00 

*  Danneel's  Electrochemistry.      (Merriam.) 12mo,  1  25 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.  .  .  .16mo,  mor.  5  00 
Dolezalek's  Theory  of  the  Lead  Accumulator  (Storage  Battery),     (von  Ende.) 

12mo,  2  50 

Duhem's  Thermodynamics  and  Chemistry.      (Burgess.) 8vo,  4  00 

Flather's  Dynamometers,  and  the  Measurement  of  Power 12mo,  3  00 

Getman's  Introduction  to  Physical  Science 12mo, 

Gilbert's  De  Magnete.      (Mottelay) 8vo,  2  50 

*  Hanchett's  Alternating  Currents 12mo,  1  00 

Hering's  Ready  Reference  Tables  (Conversion  Factors) 16mo,  mor.  2  50 

*  Hobart  and  Ellis's  High-speed  Dynamo  Electric  Machinery 8vo,  6  00 

Holman's  Precision  of  Measurements 8vo,  2  00 

Telescopic  Mirror-scale  Method,  Adjustments,  and  Tests..  .  .Large  8vo,  75 

*  Karapetoff 's  Experimental  Electrical  Engineering 8vo,  6  00 

Kinzbrunner's  Testing  of  Continuous-current  Machines 8vo,  2  00 

Landauer's  Spectrum  Analysis.      (Tingle.) 8vo,  3  00 

Le  Chatelier's  High-temperature  Measurements.  (Boudouard — Burgess. )12mo,  3  00 

Lob's  Electrochemistry  of  Organic  Compounds.     (Lorenz) 8vo,  3  00 

*  Lyndon's  Development  and  Electrical  Distribution  of  Water  Power.  .8vo,  3  00 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols,  I  .and  II.  8vo,  each,  6  00 

*  Michie's  Elements  of  Wave  Motion  Relating  to  Sound  and  Light 8vo,  4  00 

Morgan's  Outline  of  the  Theory  of  Solution  and  its  Results 12mo,  1  00 

*  Physical  Chemistry  for  Electrical  Engineers 12mo,  1  50 

*  Norris's  Introduction  to  the  Study  of  Electrical  Engineering 8vo,  2  50 

Norris  and  Denmson's  Course  of  Problems  on  the  Electrical  Characteristics  of 

Circuits  and  Machines.      (In  Press.) 

*  Parshall  and  Hobart's  Electric  Machine  Design 4to,  half  mor,  12  50 

Reagan's  Locomotives:  Simple,  Compound,  and  Electric.     New  Edition. 

Large  12mo,  3  50 

*  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Kinzbrunner.) .  .8vo,  2  00 

Ryan,  Norris,  and  Hoxie's  Electrical  Machinery.     Vol.  1 8vo,  2  50 

Schapper's  Laboratory  Guide  for  Students  in  Physical  Chemistry 12mo,  1  00 

*  Tillman's  Elementary  Lessons  in  Heat 8vo,  1  50 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics Large  12mo,  2  00 

Ulke's  Modern  Electrolytic  Copper  Refining 8vo,  3  00 


LAW. 

*  Brennan's  Hand-book  of  Useful  Legal  Information  for  Business  Men. 

16mo,  mor.  5  00 

*  Davis's  Elements  of  Law 8vo,  2  50 

*  Treatise  on  the  Military  Law  of  United  States 8vq,  7  00 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial. .  Large  12mo,  2  50 

Manual  for  Courts-martial 16mo,  mor.  1  50 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep,  6  50 

Law  of  Contracts 8vo,  3  00 

Law  of  Operations  Preliminary  to   Construction  in  Engineering  and 

Architecture 8vo,  5  00 

Sheep,  5  50 


MATHEMATICS. 

Baker's  Elliptic  Functions 8vo,  1  50 

Briggs's  Elements  of  Plane  Analytic  Geometry.     (Bocher) 12mo,  1  00 

*  Buchanan's  Plane  and  Spherical  Trigonometry. 8vo,  1  00 
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Byerley's  Harmonic  Functions 8vo,  $1  00 

Chandler's  Elements  of  the  Infinitesimal  Calculus 12mo,  2  00 

*  Coffin's  Vector  Analysis 12mo,  2  50 

Compton's  Manual  of  Logarithmic  Computations 12mo,  50 

*  Dickson's  College  Algebra Large  12mo,  50 

*  Introduction  to  the  Theory  of  Algebraic  Equations Large  12mo,  25 

Emch's  Introduction  to  Projective  Geometry  and  its  Application 8vo,  50 

Fiske's  Functions  of  a  Complex  Variable 8vo,  00 

Halsted's  Elementary  Synthetic  Geometry 8vo,  50 

Elements  of  Geometry 8vo,  75 

*  Rational  Geometry 12mo,  50 

Synthetic  Projective  Geometry 8vo,  00 

Hyde's  Grassmann's  Space  Analysis 8vo,  00 

*  Johnson's  (J.  B.)  Three-place  Logarithmic  Tables:  Vest-pocket  size,  paper,  15 

*  100  copies,  5  00 

*  Mounted  on  heavy  cardboard,  8  X  10  inches,  25 

*  10  copies,  2  00 
Johnson's  (W.  W.)  Abridged  Editions  of  Differential  and  Integral  Calculus. 

Large  12mo,  1  vol.  2  50 

Curve  Tracing  in  Cartesian  Co-ordinates 12mo,  1   00 

Differential  Equations 8vo,  1  00 

Elementary  Treatise  on  Differential  Calculus Large  12mo,  1  50 

Elementary  Treatise  on  the  Integral  Calculus Large  12mo,  1   50 

*  Theoretical  Mechanics 12mo,  3  00 

Theory  of  Errors  and  the  Method  of  Least  Squares 12mo,  1  50 

Treatise  on  Differential  Calculus Large  12mo,  3  00 

Treatise  on  the  Integral  Calculus Large  12mo,  3  00 

Treatise  on  Ordinary  and  Partial  Differential  Equations.  .  .Large  12mo,  3  50 

Karapetoff's  Engineering  Applications  of  Higher  Mathematics. 

(In  Preparation.) 

Laplace's  Philosophical  Essay  on  Probabilities.  (Truscott  and  Emory.) .  12mo,  2  00 

*  Ludlow  and  Bass's  Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables 8vo,  3  00 

*  Trigonometry  and  Tables  published  separately Each,  2  00 

*  Ludlow 's  Logarithmic  and  Trigonometric  Tables 8vo,  1  00 

Macfarlane's  Vector  Analysis  and  Quaternions 8vo,  1  00 

McMahon's  Hyperbolic  Functions 8vo,  1  00 

Manning's  Irrational  Numbers  and  their  Representation  by  Sequences  and 

Series 12mo,  1  25 

Mathematical   Monographs.     Edited  by   Mansfield   Merriman   and   Robert 

S.  Woodward Octavo,  each  1  00 

No.  1.  History  of  Modern  Mathematics,  by  David  Eugene  Smith. 
No.  2.  Synthetic  Projective  Geometry,  by  George  Bruce  Halsted. 
No.  3.  Determinants,  by  Laenas  Gifford  Weld.  No.  4.  Hyper- 
bolic Functions,  by  James  McMahon.  No.  5.  Harmonic  Func- 
tions, by  William  E.  Byerly.  No.  6.  Grassmann's  Space  Analysis, 
by  Edward  W.  Hyde.  No.  7.  Probability  and  Theory  of  Errors, 
by  Robert  S.  Woodward.  No.  8.  Vector  Analysis  and  Quaternions, 
by  Alexander  Macfarlane.  No.  9.  Differential  Equations,  by 
William  Woolsey  Johnson.  No.  10.  The  Solution  of  Equations, 
by  Mansfield  Merriman.  No.  11.  Functions  of  a  Complex  Variable, 
by  Thomas  S.  Fiske. 

Maurer's  Technical  Mechanics 8vo,  4  00 

Merriman's  Method  of  Least  Squares 8vo,  2  00 

Solution  of  Equations 8vo,  1  00 

Rice  and  Johnson's  Differential  and  Integral  Calculus.     2  vols.  in  one. 

Large  12mo,  1  50 

Elementary  Treatise  on  the  Differential  Calculus. Large  12mo,  3  00 

Smith's  History  of  Modern  Mathematics 8vo,  1  00 

*  Veblen  and  Lennes's  Introduction  to  the  Real  Infinitesimal  Analysis  of  One 

Variable 8vo,  2  00 

*  Waterbury's  Vest  Pocket  Hand-book  of  Mathematics  for  Engineers. 

2JX5|  inches,  mor.  100 

Weld's  Determinants 8vo,  1  00 

Wood's  Elements  of  Co-ordinate  Geometry 8vo,  2  00 

Woodward's  Probability  and  Theory  of  Errors 8vo,  1  00 
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MECHANICAL   ENGINEERING. 

MATERIALS    OF   ENGINEERING,  STEAM-ENGINES   AND    BOILERS. 

Bacon's  Forge  Practice 12mo,  $1  50 

Baldwin's  Steam  Heating  for  Buildings 12mo,  2  50 

Barr's  Kinematics  of  Machinery 8vo,  2  50 

*  Bartlett's  Mechanical  Drawing 8vo,  3  00 

*  Abridged  Ed 8vo,  1   50 

*  Burr's  Ancient  and  Modern  Engineering  and  the  Isthmian  Canal 8vo,  3  50 

Carpenter's  Experimental  Engineering 8vo,  6  00 

Heating  and  Ventilating  Buildings 8vo,  4  00 

Clerk's  Gas  and  Oil  Engine.      (New  edition  in  press.) 

Compton's  First  Lessons  in  Metal  Working 12mo,  1   50 

Compton  and  De  Groodt's  Speed  Lathe 12mo,  1   50 

Coolidge's  Manual  of  Drawing 8vo,  paper,  1  00 

Coolidge  and  Freeman's  Elements  of  Geenral  Drafting  for  Mechanical  En- 
gineers  Oblong  4to,  2  50 

Cromwell's  Treatise  on  Belts  and  Pulleys 12mo,  1  50 

Treatise  on  Toothed  Gearing 12mo,  1  50 

Dingey's  Machinery  Pattern  Making 12mo,  2  00 

Durley's  Kinematics  of  Machines 8vo,  4  00 

Flanders's  Gear-cutting  Machinery Large  12mo,  3  00 

Flather's  Dynamometers  and  the  Measurement  of  Power 12mo,  3  00 

Rope  Driving 12mo,  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers 12mo,  1   25 

Goss's  Locomotive  Sparks 8vo,  2  00 

Greene's  Pumping  Machinery.      (In  Preparation.) 

Hering's  Ready  Reference  Tables  (Conversion  Factors) 16mo,  mor.  2  50 

*  Hobart  and  Ellis's  High  Speed  Dynamo  Electric  Machinery 8vo,  6  00 

Button's  Gas  Engine 8vo,  5  00 

Jamison's  Advanced  Mechanical  Drawing 8vo,  2  00 

Elements  of  Mechanical  Drawing 8vo,  2  50 

Jones's  Gas  Engine 8vo,  4  00 

Machine  Design: 

Part  I.     Kinematics  of  Machinery 8vo,  1  50 

Part  II.      Form,  Strength,  and  Proportions  of  Parts 8vo,  3  00 

Kent's  Mechanical  Engineer's  Pocket-Book 16mo,  mor.  5  00 

Kerr's  Power  and  Power  Transmission 8vo,  2  00 

Kimball  and  Barr's  Machine  Design.      (In  Press.) 

Levin's  Gas  Engine.     (In  Press.) 8vo, 

Leonard's  Machine  Shop  Tools  and  Methods 8vo,  4  00 

*  Lorenz's  Modern  Refrigerating  Machinery.   (Pope,  Haven,  and  Dean)..8vo,  4  00 
MacCord's  Kinematics;  or,  Practical  Mechanism 8vo,  5  00 

Mechanical  Drawing.  . 4to,  4  00 

Velocity  Diagrams 8vo,  1  50 

MacFarland's  Standard  Reduction  Factors  for  Gases 8vo,  1  50 

Mahan's  Industrial  Drawing.     (Thompson.) 8vo,  3  50 

Mehrtens's  Gas  Engine  Theory  and  Design Large  12mo,  2  50 

Oberg's  Handbook  of  Small  Tools Large  12mo,  3  00 

*  Parshall  and  Hobart's  Electric  Machine  Design.  Small  4to,  half  leather,  12  50 

Peele's  Compressed  Air  Plant  for  Mines 8vo,  3  00 

Poole's  Calorific  Power  of  Fuels .8vo,  3  00 

*  Porter's  Engineering  Reminiscences,  1855  to  1882 8vo,  3  00 

Reid's  Course  in  Mechanical  Drawing 8vo,  2  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo,  3  00 

Richards's  Compressed  Air 12mo,  1  50 

Robinson's  Principles  of  Mechanism 8vo,  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo,  3  00 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo,  3  00 

Smith's  (O.)  Press-working  of  Metals 8vo,  3  00 

Sorel's  Carbureting  and  Combustion  in  Alcohol  Engines.     (Woodward  and 

Preston.) Large  12mo,  3  00 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters , 8vo,  3  50 
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Thurston's  Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics. 

12mo,  $1  00 

Treatise  on  Friction  and  Lost  Work  in  Machinery  and  Mill  Work .  .  .  8vo,  3  00 

*  Tillson's  Complete  Automobile  Instructor 16mo,  1   50 

*  Titsworth's  Elements  of  Mechanical  Drawing .  .Oblong  8vo,  1   25 

Warren's  Elements  of  Machine  Construction  and  Drawing 8vo,  7  50 

*  Waterbury's  Vest  Pocket  Hand-book  of  Mathematics  for  Engineers. 

2SX5f  inches,  mor.  1  00 
Weisbach's    Kinematics    and    the    Power    of    Transmission.      (Herrmann — 

Klein.) 8vo,  5  00 

Machinery  of  Transmission  and  Governors.      (Hermann — Klein.).  .8vo,  5  00 

Wood's  Turbines 8vo,  2  50 


MATERIALS   OF   ENGINEERING. 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering 8vo,  7  50 

Church's  Mechanics  of  Engineering 8vo,  6  00 

*  Greene's  Structural  Mechanics 8vo,  2  50 

*  Holley's  Lead  and  Zinc  Pigments Large  12mo  3  00 

Holley  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments,  and  Varnishes. 

Large  12mo,  2  50 
Johnson's  (C.  M.)  Rapid    Methods    for    the    Chemical    Analysis    of    Special 

Steels,  Steel-Making  Alloys  and  Graphite Large  12mo,  3  00 

Johnson's  (J.  B.)  Materials  of  Construction 8vo,  6  00 

Keep's  Cast  Iron 8vo,  2  50 

Lanza's  Applied  Mechanics 8vo,  7  50 

Maire's  Modern  Pigments  and  their  Vehicles 12mo,  2  00 

Martens's  Handbook  on  Testing  Materials.      (Henning.) 8vo;  7  50 

Maurer's  Techincal  Mechanics 8vo,  4  00 

Merriman's  Mechanics  of  Materials 8vo,  5  00 

*  Strength  of  Materials 12mo,  1  00 

Metcalf's  Steel.     A  Manual  for  Steel-users 12mo,  2  00 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish 8vo,  3  00 

Smith's  ((A.  W.)  Materials  of  Machines 12mo,  1   00 

Smith's  (H.  E.)  Strength  of  Material 12mo. 

Thurston's  Materials  of  Engineering 3  vols.,  8vo,  8  00 

Part  I.      Non-metallic  Materials  of  Engineering 8vo,  2  00 

Part  II.     Iron  and  Steel 8vo,  3  50 

Part  III.      A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  2  50 

Wood's  (De  V.)  Elements  of  Analytical  Mechanics 8vo,  3  00 

Treatise  on    the    Resistance    of    Materials    and    an    Appendix    on    the 

Preservation  of  Timber 8vo,  2  00 

Wood's  (M.  P.)  Rustless  Coatings:    Corrosion  and  Electrolysis  of  Iron  and 

Steel 8vo,  4  00 


STEAM-ENGINES   AND   BOILERS. 

Berry's  Temperature-entropy  Diagram 12mo,  2  00 

Carnot's  Reflections  on  the  Motive  Power  of  Heat.      (Thurston.) 12mo,  1  50 

Chase's  Art  of  Pattern  Making 12mo,  2  50 

Creighton's  Steam-engine  and  other  Heat  Motors 8vo,  5  00 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.  ..  .  16mo,  mor.  5  00 

Ford's  Boiler  Making  for  Boiler  Makers 18mo,  1  00 

*  Gebhardt's  Steam  Power  Plant  Engineering 8vo,  6  00 

Goss's  Locomotive  Performance 8vo,  5  00 

Hemenway's  Indicator  Practice  and  Steam-engine  Economy. 12mo,  2  00 

Hutton's  Heat  and  Heat-engines 8vo,  5  00 

Mechanical  Engineering  of  Power  Plants .8vo,  5  00 

Kent's  Steam  boiler  Economy 8vo,  4  Op 
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Kneass's  Practice  and  Theory  of  the  Injector 8vo,  $1  50 

MacCord's  Slide-valves 8vo,  2  00 

Meyer's  Modern  Locomotive  Construction 4to,  10  00 

Moyer's  Steam  Turbine 8vo,  4  00 

Peabody's  Manual  of  the  Steam-engine  Indicator 12mo,  1  50 

Tables  of  the  Properties  of  Steam  and  Other  Vapors  and  Temperature- 
Entropy  Table 8vo,  1  00 

Thermodynamics  of  the  Steam-engine  and  Other  Heat-engines.  .  .  .8vo.  5  00 

Valve-gears  for  Steam-engines 8vo,  2  50 

Peabody  and  Miller's  Steam-boilers 8vo,  4  00 

Pupin's  Thermodynamics  of  Reversible  Cycles  in  Gases  and  Saturated  Vapors. 

(Osterberg.) 12mo.  1  25 

Reagan's  Locomotives:  Simple,  Compound,  and  Electric.     New  Edition. 

Large  12mo,  3  50 

Sinclair's  Locomotive  Engine  Running  and  Management 12mo.  2  00 

Smart's  Handbook  of  Engineering  Laboratory  Practice. 12mo,  2  50 

Snow's  Steam-boiler  Practice 8vo,  3  00 

Spangler's  Notes  on  Thermodynamics 12mo,  1  00 

Valve-gears 8vo,  2  50 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering 8vo  3  00 

Thomas's  Steam-turbines 8vo,  4  00 

Thurston's  Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indi- 
cator and  the  Prony  Brake 8vo,  5  00 

Handy  Tables 8vo,  1  50 

Manual  of  Steam-boilers,  their  Designs,  Construction,  and  Operation  8vo.  5  00 

Manual  of  the  Steam-engine 2vols..  8vo.  10  00 

Part  I.     History,  Structure,  and  Theory.  . 8vo,  6  00 

Part  II.     Design,  Construction,  and  Operation 8vo,  6  00 

Steam-boiler  Explosions  in  Theory  and  in  Practice 12mo,  1  50 

Wehrenfennig's  Analysis   and  Softening  of  Boiler  Feed-water.     (Patterson). 

8vo.  4  00 

Weisbach's  Heat,  Steam,  and  Steam-engines.     (Du  Bois.) 8vo.  5  00 

Whitham's  Steam-engine  Design 8vo,  5  00 

Wood's  Thermodynamics,  Heat  Motors,  and  Refrigerating  Machines.  .  .  8vo,  4  00 


MECHANICS   PURE  AND    APPLIED. 

Church's  Mechanics  of  Engineering 8vo.  6  00 

Notes  and  Examples  in  Mechanics 8vo.  2  00 

Dana's  Text-book  of  Elementary  Mechanics  for  Colleges  and  Schools  .12mo,  1  50 
Du  Bois's  Elementary  Principles  of  Mechanics: 

Vol.    I.     Kinematics 8vo,  3  50 

Vol.  II.     Statics 8vo,  4  00 

Mechanics  of  Engineering.     Vol.    I Small  4to,  7  50 

Vol.  II Small  4to,  10  00 

*  Greene's  Structural  Mechanics 8vo,  2  50 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

Large  12mo,  2  00 

*  Johnson's  (W.  W.)  Theoretical  Mechanics 12mo.  3  00 

Lanza's  Applied  Mechanics 8vo.  7  50 

*  Martin's  Text  Book  on  Mechanics.  Vol.  I,  Statics 12mo.  1  25 

*  Vol.  II,  Kinematics  and  Kinetics.  12mo.  1  50 

Maurer's  Technical  Mechanics 8vo.  4  00 

*  Merriman's  Elements  of  Mechanics 12mo,  1  00 

Mechanics  of  Materials 8vo,  5  00 

*  Michie's  Elements  of  Analytical  Mechanics 8vo,  4  00 

Robinson's  Principles  of  Mechanism '. 8vo,  3  00 

Sanborn's  Mechanics  Problems Large  12mo,  1  50 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo,  3  00 

Wood's  Elements  of  Analytical  Mechanics 8vo,  3  00 

Principles  of  Elementary  Mechanics 12mo,  1   25 
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MEDICAL. 

*  Abderhalden's  Physiological   Chemistry  in   Thirty  Lectures.     (Hall   and 

Defren.).  •• 8vo,  $5  00 

von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.) 12mo,  1  00 

Bolduan's  Immune  Sera .' 12mo,  1  50 

Bordet's  Studies  in  Immunity.      (Gay).      (In  Press.) 8vo, 

Davenport's  Statistical  Methods  with  Special  Reference  to  Biological  Varia- 
tions  16mo,  mor.  1  50 

Ehrlich's  Collected  Studies  on  Immunity.      (Bolduan.) 8vo,  6  00 

*  Fischer's  Physiology  of  Alimentation Large  12mo,  2  00 

de  Fursac's  Manual  of  Psychiatry.      (Rosanoff  and  Collins.)..  .  .Large  12mo,  2  50 

Hammarsten's  Text-book  on  Physiological  Chemistry.      (Mandel.) 8vo,  4  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.  .8vo,  1   25 

Lassar-Cohn's  Practical  Urinary  Analysis.      (Lorenz.) 12mo,  1  00 

Mandel's  Hand-book  for  the  Bio-Chemical  Laboratory 12mo,  1  50 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.      (Fischer.)  ..12mo,  1   25 

*  Pozzi-Escot's  Toxins  and  Venoms  and  their  Antibodies.     (Cohn.),  .  12mo,  1  00 

Rostoski's  Serum  Diagnosis.      (Bolduan.) 12mo,  1  00 

Ruddiman's  Incompatibilities  in  Prescriptions 8vo,  2  00 

Whys  in  Pharmacy 12mo,  1  00 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Orndorff.)  8vo,  250 

*  Satterlee's  Outlines  of  Human  Embryology 12mo,  1  25 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students 8vo,  2  50 

*  Whipple's  Tyhpoid  Fever Large  12mo,  3  00 

Woodhull's  Notes  on  Military  Hygiene 16mo,  1  50 

*  Personal  Hygiene 12mo,  1  00 

Worcester  and  Atkinson's  Small  Hospitals  Establishment  and  Maintenance, 
and  Suggestions  for  Hospital  Architecture,  with  Plans  for  a  Small 

Hospital 12mo,  1  25 


METALLURGY. 

Betts's  Lead  Refining  by  Electrolysis 8vo,  4  00 

Bolland's  Encyclopedia  of  Founding  and  Dictionary  of  Foundry  Terms  used 

in  the  Practice  of  Moulding 12mo,  3  00 

Iron  Founder 12mo,  2  50 

Supplement 12mo,  2  50 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo,  1  00 

Goesel's  Minerals  and  Metals:  A  Reference  Book 16mo,  mor.  3  00 

*  Iles's  Lead-smelting 12mo,  2  50 

Johnson's    Rapid    Methods   for    the   Chemical   Analysis   of   Special   Steels, 

Steel-making  Alloys  and  Graphite Large  12mo,  3  00 

Keep's  Cast  Iron 8vo,  2  50 

Le  Chatelier's  High-temperature  Measurements.     (Boudouard — Burgess.) 

12mo,  3  00 

Metcalf 's  Steel.      A  Manual  for  Steel-users 12mo.  2  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo.).  .  12mo,  2  50 

Ruer's  Elements  of  Metallography.      (Mathewson) 8vo. 

Smith's  Materials  of  Machines 12mo,  1  00 

Tate  and  Stone's  Foundry  Practice 12mo,  2  00 

Thurston's  Materials  of  Engineering.     In  Three  Parts 8vo,  8  00 

Part  I.       Non-metallic  Materials  of  Engineering,  see  Civil  Engineering, 
page  9. 

Part  II.     Iron  and  Steel 8vo,  3  50 

Part  III.  A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  2  50 

Ulke's  Modern  Electrolytic  Copper  Refining 8vo,  3  00 

West's  American  Foundry  Practice 12mo,  2  50 

Moulders'  Text  Book 12mo,  2  50 
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MINERALOGY. 

Baskerville's  Chemical  Elements.     (In  Preparation.). 

Boyd's  Map  of  Southwest  Virginia Pocket-book  form.  $2  00 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo,  1   50 

Brush's  Manual  of  Determinative  Mineralogy.     (Penfield.) 8vo,  4  00 

Butler's  Pocket  Hand-book  of  Minerals 16mo,  mor.  3  00 

Chester's  Catalogue  of  Minerals 8vo,  paper,     1  00 

Cloth,  1  25 

*  Crane's  Gold  and  Silver •  •  •  • 8vo,  5  00 

Dana's  First  Appendix  to  Dana's  New  "System  of  Mineralogy".  .Large  8vo,  .1  00 
Dana's  Second  Appendix  to  Dana's  New  "  System  of  Mineralogy." 

Large  8vo, 

Manual  of  Mineralogy  and  Petrography 12mo,  2  00 

Minerals  and  How  to  Study  Them 12mo,  1  50 

System  of  Mineralogy Large  8vo,  half  leather,  12  50 

Text-book  of  Mineralogy 8vo,  4  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo,  1   00 

Eakle's  Mineral  Tables 8vo,  1  25 

Eckel's  Stone  and  Clay  Products  Used  in  Engineering.      (In  Preparation). 

Goesel's  Minerals  and  Metals:  A  Reference  Book 16mo,  mor.  3  00 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) 12mo,  1  25 

*  Hayes's  Handbook  for  Field  Geologists 16mo,  mor.  1   50 

Iddings's  Igneous  Rocks 8vo,  5  00 

Rock  Minerals 8vo,  5  00 

Johannsen's  Determination  of  Rock-forming  Minerals  in  Thin  Sections.  8vo, 

With  Thumb  Index  5  00 

*  Martin's  Laboratory     Guide    to    Qualitative    Analysis    with    the    Blow- 

pipe  12mo,  60 

Merrill's  Non-metallic  Minerals :  Their  Occurrence  and  Uses 8vo,  4  00 

Stones  for  Building  and  Decoration 8vo,  5  00 

*  Penfield's  Notes  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 

8vo,  paper,  50 
Tables  of   Minerals,    Including  the  Use  of  Minerals  and  Statistics  of 

Domestic  Production.  .  . 8vo,  1  00 

*  Pirsson's  Rocks  and  Rock  Minerals 12mo,  2  50 

*  Richards's  Synopsis  of  Mineral  Characters 12mo,  mor.  1   25 

*  Ries's  Clays:  Their  Occurrence,  Properties  and  Uses 8vo,  5  00 

*  Ries  and  Leighton's  History  of  the  Clay-working  Industry  of  the  United 

States 8vo,  2  50 

*  Tillman's  Text-book  of  Important  Minerals  and  Rocks 8vo,  2  00 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks.  ,,,,,, 8vo,  2  00 


MINING. 

*  Beard's  Mine  Gases  and  Explosions Large  12mo,  3  00 

Boyd's  Map  of  Southwest  Virginia .Pocket-book  form,  2  00 

*  Crane's  Gold  and  Silver 8vo,  5  00 

*  Index  of  Mining  Engineering  Literature.  , 8vo,  4  00 

*  8vo,  mor.  5  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo,  1  00 

Eissler's  Modern  High  Explosives 8vo,  4  00 

Goesel's  Minerals  and  Metals.:  A  Reference  Book . -.,. 16mo,  mor.  3  00 

Ihlseng's  Ma,nual  of  Mining r, '.. . .  .~8vo,  5  00 

*  Iles's  Lead  Smelting. ,,,c. . . ....  .12mo,  2  50 

Peele's  Compressed  Air  Plant  for  Mines •.,» . 8vo,  3  00 

Riemer's  Shaft  Sinking  Under  Difficult  Conditions.     (Corning  and  Peele). 8 vo,  3  00 

*  Weaver's  Military  Explosives 8vo,  3  00 

Wilson's  Hydraulic  and  Placer  Mining.;     2d  edition,  rewritten 12mo,  2  50 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation  ........  12mo,  1  25 
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SANITARY   SCIENCE. 

Association  of  State  and  National  Food  and  Dairy  Departments,  Hartford 

Meeting,  1906 8vo,  $3  00 

Jamestown  Meeting,  1907 8vo,  3  00 

*  Bashore's  Outlines  of  Practical  Sanitation 12mo,  1  25 

Sanitation  of  a  Country  House 12mo,  1  00 

Sanitation  of  Recreation  Camps  and  Parks 12mo,  1  00 

Folwell's  Sewerage.      (Designing,  Construction,  and  Maintenance.).  .  .  ..8vo,  3  00 

Water-supply  Engineering 8vo,  4  00 

Fowler's  Sewage  Works  Analyses 12mo,  2  00 

Fuertes's  Water-filtration  Works 12mo,  2  50 

Water  and  Public  Health 12mo,  1  50 

Gerhard's  Guide  to  Sanitary  Inspections 12mo,  1  50 

*  Modern  Baths  and  Bath  Houses 8vo,  3  00 

Sanitation  of  Public  Buildings 12mo,  1  50 

Hazen's  Clean  Water  and  How  to  Get  It Large  12mO,  1  50 

Filtration  of  Public  Water-supplies 8vo.  3  00 

Kinnicut,  Winslow  and  Pratt's  Purification  of  Sewage.     (In  Preparation.) 
Leach's  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control 8vo,  7  50 

Mason's  Examination  of  Water.      (Chemical  and  Bacteriological) 12mo,  1  25 

Water-supply.      (Considered  principally  from  a  Sanitary  Standpoint). 

8vo,  4  00 

*  Merriman's  Elements  of  Sanitary  Engineering 8vo,  2  00 

Ogden's  Sewer  Construction 8vo,  3  00 

Sewer  Design 12mo,  2  00 

Parsons's  Disposal  of  Municipal  Refuse 8vo,  2  00 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis 12mo,  1  50 

*  Price's  Handbook  on  Sanitation 12mo,  1  50 

Richards's  Cost  of  Cleanness 12mo,  1  00 

Cost  of  Food.     A  Study  in  Dietaries 12mo,  1  00 

Cost  of  Living  as  Modified  by  Sanitary  Science 12mo,  1  00 

Cost  of  Shelter 12mo,  1  00 

*  Richards  and  Williams's  Dietary  Computer 8vo,  1  50 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  8vo,  2  00 

*  Richey's     Plumbers',     Steam-fitters',    and     Tinners'     Edition     (Building 

Mechanics'  Ready  Reference  Series) 16mo,  mor.  1  50 

Rideal's  Disinfection  and  the  Preservation  of  Food 8vo,  4  00 

Sewage  and  Bacterial  Purification  of  Sewage 8vo,  4  00 

Soper's  Air  and  Ventilation  of  Subways 12mo,  2  50 

Turneaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Venable's  Garbage  Crematories  in  America 8vo,  2  00 

Method  and  Devices  for  Bacterial  Treatment  of  Sewage 8vo,  3  00 

Ward  and  Whipple's  Freshwater  Biology.     (In  Press.) 

Whipple's  Microscopy  of  Drinking-water 8vo,  3  50 

*  Typhoid  Fever Large  12mo,  3  00 

Value  of  Pure  Water Large  12mo,  1  00 

Winslow's  Systematic  Relationship  of  the  Coccaceae Large  12mo,  2  50 


MISCELLANEOUS. 

Emmons's  Geological  Guide-book  of  the  Rocky  Mountain  Excursion  of  the 

International  Congress  of  Geologists Large  8vo.  1  50 

Fen-el's  Popular  Treatise  on  the  Winds 8vo,  4  00 

Fitzgerald's  Boston  Machinist 18mo,  1  00 

Gannett's  Statistical  Abstract  of  the  World 24mo,  75 

Haines's  American  Railway  Management 12mo,  2  50 

Hanausek's  The  Microscopy  of  Technical  Products.     (Win ton) 8vo,  5  00 
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Jacobs's  Betterment    Briefs.     A    Collection    of    Published    Papers    on    Or- 
ganized Industrial  Efficiency 8vo,  $3  50 

Metcalfe's  Cost  of  Manufactures,  and  the  Administration  of  Workshops.. 8vo,  5  00 

Putnam's  Nautical  Charts 8vo,  2  00 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute  1824-1894. 

Large  12mo,  3  00 

Rotherham's  Emphasised  New  Testament Large  8vo,  2  00 

Rust's  Ex-Meridian  Altitude,  Azimuth  and  Star-finding  Tables 8vo,  5  00 

Standage's  Decoration  of  Wood,  Glass,  Metal,  etc 12mo,  2  00 

Thome's  Structural  and  Physiological  Botany.     (Bennett) 16mo,  2  25 

Westermaier's  Compendium  of  General  Botany.     (Schneider) 8vo,  2  00 

Winslow's  Elements  of  Applied  Microscopy 12mo,  1  50 


HEBREW   AND   CHALDEE   TEXT-BOOOKS. 

Gesenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Scriptures. 

(Tregelles.) Small  4to,  half  mor,     5  00 

Green's  Elementary  Hebrew  Grammar 12mo,     1  25 
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